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2.0 ABSTRACT

Cisplatin (CDDP) derivatives are first line chemotherapeutic agents for the
treatment of ovarian epithelial cancer. The cytotoxic effect of these agents are believed to
be mediated through the induction of apoptosis and defects in the apoptotic mechanism
may contribute to chemoresistance. The role of the Fas/FasL system in mediating drug-
induced apoptosis and its involvement in chemoresistance is not fully understood. In the
present study, we have used cultures of established cell lines of CDDP-sensitive human
ovarian epithelial tumours (OV2008 and A2780-s) and their resistant variants (C13* and
A2780-cp, respectively) to assess the role of Fas/Fasl. system in the chemo-
responsiveness of ovarian cancer cells to CDDP. CDDP was effective in inducing the
expression of cell-associated Fas and FasL, sFasL and apoptosis in a concentration and
time-dependent fashion in both OV2008 and A2780-s cell lines. In contrast, while
CDDP was effective in increasing cell-associated Fas protein content in C13*, it failed to
upregulate FasLL and sFasL and induce apoptosis, irrespective of concentration and
duration of CDDP treatment. In the resistant A2780-cp cells, neither Fas nor FasL
upregulation and apoptosis were evident in the presence of CDDP.  Addition of
concentrated spent media from OV2008 after CDDP on C13* cells demonstrates a low
level of apoptotic activity which is partially blocked by a Fas antagonistic Ab. Activation
of the Fas signaling pathway, by addition to the cultures an agonistic Fas mAb, was
effective in inducing apoptosis in both OV2008 and C13*. A significant interaction
between CDDP and Fas agonist mAb was observed in the apoptotic response in OQV2008
and C13* when cultured in the presence of both agents. Caspase-3 and -8 were cleaved
into their fragments in a concentration- and time-dependent fashion after CDDP treatment
in OV2008, but not C13* cells since apoptosis was not evident in these cells. Blocking
the Fas receptor using a Fas antagonistic Ab only partially suppressed CDDP-induced

apoptosis. Immunohistochemistry of human ovarian epithelial carcinomas reveals the



presence of Fas in low abundance in proliferatively active cells but in high levels in
quiescent ones. Taken together, these data suggest that the dysregulation of the Fas/FasL
would not significantly contribute to CDDP-resistance in ovarian epithelial cancer cells.
However, our results are supportive of the notion that combined immuno- and chemo-
therapy ( i.e. agonistic Fas mAb plus CDDP) may provide added benefits in the

treatment of both chemo-sensitive and -resistant ovarian tumors.
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7.0 INTRODUCTION

Ovarian cancer is the most lethal gynecological cancer in the Western world and
ranks fifth among the most common female cancers. Epithelial ovarian tumors account
for about 90% of all human ovarian malignancies and originate from the simple
epithelium covering the surface of the ovary (Nicosia and Nicosia 1988). Recent studies
have suggested that cancer is characterised by enhanced cell proliferation and reduced
physiological cell death, often referred to as apoptosis. Irradiation and many
chemotherapeutic agents can activate the apoptotic death program in susceptible target
cells, including epithelial ovarian cancer cells (Ormerod et al 1996; Soldatenkov et al
1995; Havrilesky et al 1995; Anthoney et al 1996).

CDDP is a widely used anti-cancer agent with a broad range of antitumour
activity. The activity of CDDP is thought to be due to its ability to form inter- and intra-
strand DNA crosslinks (Sherman and Lippard 1987) and its cytotoxic effect appears to
resuit from inhibition of replication by CDDP-DNA adducts and G2 arrest, with
subsequent induction of apoptosis (Sorenson et al 1990). Although cisplatin (cis-
diamminedichloroplatinum II; CDDP) derivatives (e.g. carboplatin) and paclitaxel (taxol)
are first line chemotherapeutic agents for the treatment of ovarian epithelial cancer,
chemoresistance is a major therapeutic problem and the molecular mechanisms involved
are poorly understood. The development of resistance may be cell-type specific and
related to the dosing schedule (Andrews and Howell 1990). The mechanisms of
chemoresistance appear to be multifactorial and are generally thought of in terms of
altered pharmacodynamics and gene expression (e.g. MDR gene), modified drug target,
increased rate of DNA repair and decreased rate of drug-induced DNA or macromolecule

damage (Andrews and Howell 1990; Stewart et al 1996; Reed et al 1996). While our
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knowledge on the events leading to chemoresistance is incomplete, failure to activate
apoptosis in these cancer cells may confer resistance to these agents (Perego et al 1996).

Caspases are proteases that exist in the cell as proenzymes and have an absolute
requirement for cleavage after aspartic acid. In apoptosis, caspases function in both cell
disassembly (effectors) and in initiating this disassembly (initiators) (Thornberry and
Lazebnik, 1998). The main effector caspase seems to be caspase-3, although the cell does
not rely solely on this caspase since caspase-3 deficient mice do not display defects in
apoptosis in all cell types (Kuida et al 1996). This indicates that other caspases can be
activated and that there is much redundancy in this system. Caspases -2,-8,-9 and -10
seem to be initiators and can activate effector caspases such as caspase —2,-6,-7 and -3.
General caspase inhibitors have been found to delay cell death induced by a variety of
chemotherapeutic agents (Gamen et al 1997; Tolomeo et al 1998). Caspases are involved
in mediating apoptosis induced by these agents, however, through which pathways these
proteases are activated in response to these drugs are not known. One possible pathway
may involve the cell death receptor (Fas) and its ligand [Fas Ligand (FasL)].

Fas is a cysteine-rich transmembrane glycoprotein which belongs to the tumour
necrosis factor (TNF)/nerve growth factor receptor superfamily (Itoh et al 1991). Upon
ligand binding, Fas induces apoptosis via the action of caspases, including caspase-8 and
-3.  FasL has been cloned (Suda and Nagata 1994) and is a type II transmembrane
protein belonging to the TNF family. Soluble forms for both Fas and FasL exist.
Soluble Fas (sFas) is generated by alternative splicing (Cheng et al 1994) while sFasL is
generted via metalloproteinase cleavage of membrane bound FasL (Tanaka et al 1996).
While the Fas/FasL system is believed to play an important role in the regulation of
ovarian follicular atresia (Kim et al 1998), the expression of Fas has recently been
reported in ovarian epithelial cancer cell lines (Uslu et al 1996; Wakahara et al 1997) and
shown to be upregulated by CDDP (Uslu et al 1996). In fact, upregulation of Fas by

chemotherapeutic agents occurs in many cell types. The involvement of the Fas system
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in CDDP-induced apoptosis has not been clearly demonstrated. However the Fas system
seems to be involved in a variety of other chemotherapeutic agents although the
importance of their involvement seems in some cases to be cell type specific. If the Fas
system is important for CDDP-induced apoptosis, dysregulation of this system could
potentially lead to CDDP resistance. Many reports have demonstrated the lack of FasL
upregulation to doxorubicin in drug resistant cells (Friesen et al 1997). In addition,
adriamycin and doxorubicin resistant cells lack cell-surface Fas expression (Cai et al
1996; Fulda et al 1998). However, the role and regulation of the Fas/ FasL system in
CDDP-resistance in epithelial ovarian cancer remains unclear.

In the present studies, we have examined the regulation of Fas and FasL
expression in CDDP-mediated apoptosis in human ovarian surface epithelial cancer cells
(OV2008/C13*/A2780-s/A2780-cp) and their possible role in CDDP-resistance. These
studies demonstrate that increases in membrane bound Fas, FasL, sFasL and cleavage of
caspase-3 and -8 following CDDP challenge are characteristic of CDDP-sensitive cells.
Both CDDP-resistant cells fail to upregulate FasL and sFasL, and the A2780-cp CDDP-
resistant cell line also failed to upregulate Fas. However, blocking the Fas receptor with
an antagonistic antibody only partially attenuates CDDP-induced apoptosis in ovarian

cancer cells, suggesting that other cell death pathway(s) may also be involved.
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8.0 LITERATURE REVIEW

8.1 The Anatomy of the Mammalian Ovary

The ovary consists of three distinct, structurally heterogenous regions: an inner
hilum at the point of attachment of the ovary to the mesovarium, a central medulla and an
outer cortex. The hilum contains nerves, blood vessels and supporting connective tissue.
The medulla consists of a heterogenous collection of cells that remain after the oocyte is
ovulated. The cortex, which consists of immature germ cells (oocytes) enclosed in
cellular complexes imbedded in the stroma (the follicles) is covered with coelomic
epithelium, called the germinal epithelium (Figure 1).

The follicle is the basic functional unit of the ovary. The oocyte is situated in the
centre of a primary follicle. As the follicle grows, it develops a fluid filled antrum and
the oocyte projects into the antrum on a stalk of cumulus granulosa cells. The inner wall
of the follicle is delineated by a basement membrane (lamina propria) which is covered
by a stratified epithelium of membrana granulosa cells several layers thick. Theca cells
form layers outside the basement membrane and are divided into the theca interna and
externa. As the follicle grows, the basement membrane must be continuously remodeled
and synthesized to accommodate the increasing size of the structure. The theca interna
has a vascular supply that forms an anastomotic network terminating adjacent to the
basement membrane so that the granulosa layer does not have a direct blood supply and
instead depends on the passage of nutrients through the basement membrane. Theca cells
are the major source of androgens in the follicle and therefore play an important role in
the regulation of steroid production (Gore-Langton and Armstrong 1988). The outermost
layers of the follicle are composed of fibroblast and smooth muscle fusiform cells making

up the theca externa.
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Figure 1. Anatomy of the ovary

The ovary is covered by a single layer of epithelial cells. Within the ovary, the follicles
are present at different stages of development. The preovulatory follicle contains the
oocyte which projects into the antrum on a stalk of granulosa cells. Granulosa cells line
the antral cavity of the follicle and are seperated from the theca cell layer by the basement

membrane.
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The ovarian surface epithelium (OSE) is a simple squamous-to-cuboidal
epithelium characterized by low-molecular weight keratins, simple desmosomes, apical
microvilli, and a basal lamina. The OSE are supported by a basal lamina located along
the border of the tunica albuginea. OSE cells have a mesodermal origin shared with the
epithelia of the urogenital system and adrenal cortex. During early embryonic
development, the mesoderm segregates into pluripotent mesenchyme and coelomic
epithelium. OSE differentiates after invagination of the coelomic mesothelium over the
developing gonadal ridges (Nicosia 1983). Thus, OSE cells are developmentally related
to the underlying stromal fibroblasts. Coelomic epithelial cells penetrate into the fetal
ovary and contribute to the development of granulosa cells. Furthermore, the gonadal
ridge lies near the region where invagination of the coelomic epithelium gives rise to the
Miillerian ducts. In the embryo, the coelomic epithelium in the gonadal region is
competent to develop along many different pathways. Evidence of their developmental
relationship to stromal fibroblasts are seen in vivo and in vitro: OSE contains vimentin
filaments, which are typical for mesenchymal cells, and keratin (Auersperg et al 1994;
Czemobilsky et al 1985). OSE produces not only epithelial (laminin and collagen [V) but
also mesenchymal (collagen I and III) components of the extracellular matrix (Auersperg
et al 1991) in response to a variety of environmental cues (Siemens and Auersperg 1988;
Kruk et al 1994). During post-ovulatory repair, OSE cells reversibly modulate to a more
fibroblast-like from. The simple phenotype of the adult OSE and its ability to modulate
to a mesenhymal form indicate that these cells are relatively uncommitted and

pleuripotent compared with other adult coelomic epithelial derivatives.

8.2 Changes in ovarian structure and function during development and
ovulation

8.2.1 Ovarian Follicles
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Formation of ovarian follicles begins during fetal development. Germ cells
migrate to the genital ridge and colonize an area of mesoderm in the dorsal body wall
where they interact with mesenchyme that will form the somatic components of the ovary
(Hirshfield 1991). Germ cells stop dividing and enter meiosis, becoming arrested at the
diplotene stage of the first meiotic division. These cells remain arrested at this stage until
the follicle is recruited. Primordial follicle consists of an oocyte surrounded by a few
flattened granulosa cells within a basement membrane.

Follicular development is commonly divided into distinct stages. Primordial
follicles become primary follicles at the onset of growth, when the enlarged ooctye is
surrounded by a single layer of cuboidal granulosa cells. A secondary follicle is
characterized by multiple layers of granulosa cells. The appearance of an antrum
indicates the conversion of the secondary follicle into a tertiary follicle. Near the end of
this time, granulosa cells acquire receptors for LH, along with the theca cells, to respond
to the ovulatory surge of LH. Following ovulation, the basement membrane breaks down
completely, blood vessels invade the ruptured follicle and the granulosa and theca cells
luteinize to form the corpus luteum (Lipner 1988). Luteinization involves extensive
hypertrophy of the granulosa and theca cells, which develop increased cytoplasmic lipid
droplets and produce large amounts of progesterone to prepare and sustain the uterine
lining during pregnancy.

FSH is essential for the growth of the follicles to the preovulatory stage.
Granulosa cells in preantral follicles express the receptor for FSH and, after expose to
gonadotropin can produce estradiol, follicular fluid and LH receptor (Hirshfield 1991).
FSH can then aid the follicle in the final stages of development, in preparation for
ovulation and luteinization in response to the LH surge. Estrogen produced by the
follicle exerts a negative feedback on FSH release from the pituitary. In addition,

estrogen has local effects in the follicle to induce FSH receptors. The combination of
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reduced circulating FSH and increased local FSH receptors results in the selection of
those follicles that can produce sufficient estrogen (Hsueh et al 1984).

FSH receptors are only found on granulosa cells, while LH receptors are found on
granulosa cells of preovulatory follicles and on theca cells of all follicles. These two
gonadotropins are the major regulatory hormones for the synthesis of steroids on the
ovary. Estrogen is derived from androgens by the aromatization of testosterone by
aromatase. The major effect of FSH on granulosa cells early in follicular development is
to induce aromatase activity, thus enabling the synthesis of estrogen. Upon stimulation
by LH, the main steroidogenic function of theca cells is the synthesis of androgens, which
are the rate-limiting substrates for granulosa cell estrogen production (Gore-Langton and
Armstrong 1988). The combined action of FSH on granulosa cells and LH on theca cells
is necessary for the production of estrogens. This interaction is known as the "two-cell,
two-gonadotropin " theory for the control of estrogen production.

With the onset of menopause the ovary becomes the postmenopausal ovary; an
atrophic, yellowish, lusterless structure with a wrinkled surface, despite high circulating
levels of gonadotropins. Microscopically, the cortex is thin and usually devoid of
follicles. Occasionally, the cortex shows evidence of stromal hyperplasia, which may
result in the production of high levels of androgen (Ross and Schreiber, 1986). The ovary
still produces androstenedione and testosterone by interstitial cells morphologically
similar to testicular Leydig cells. The postmenopausal ovary does not secrete significant
amounts of estrogens, and the major estrogen in the blood of postmenopausal women is
estrone, thought to be derived from peripheral aromatization of adrenal androstenedione.
The incidence of ovarian cancers is highest amoung postmenopausal women. In fact,
development of ovarian cancers has been thought to be related to excessive gonadotropin

production associated with the onset of menopause (Cramer and Welch, 1983).
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8.2.2 Ovarian Surface Epithelium

Recent studies have shown that the OSE is far more complicated and
physiologically versatile than would be predicted from its simple appearance. In tissue
culture, the extracellular matrix (ECM) profoundly influences the phenotype of the cells
and they, in turn, modulate ECM synthesis, lysis and physical restructuring. OSE cells
can deposit epithelial as well as stromal ECM components, express integrins, collagens,
fibronectin and vitronectin, and secrete chymotyrpsin-like and elastase-like peptidases,
metalloproteinases and plasminogen activator inhibitor (Kruk et al 1992; Kruk et al 1994;
Auersperg et al 1991). Thus OSE cells have the capacity to remodel the ovarian cortex
through synthetic, physical, and proteolytic functions that may influence ovulation and
the ovarian shrinkage and cyst formation that occur with age. The normal cells secrete
and have receptors for agents with growth and differentiation capabilities. They produce
TGF-B, which acts as a growth inhibitor, as well as the EGFR, which when stimulated by
EGF is a potent mitogen (Berchuck et al 1992). TNFa induces both proliferation and
inhibition and is expressed in OSE cells (Wu et al 1993). They also have receptors for
ovarian steroids (Hamilton et al 1982) and gonadotropins (Zheng et al 1996) but their
roles in normal OSE physiology is unknown. OSE cells secrete IL-1, IL-6, M-CSF, G-
CSF and GM-CSF (Ziltener et al 1993). With the exception of G-CSF, all these factors
are produced by ovarnan cancer cells and stimulate their proliferation (Berchuck et al
1993). It is possible that secretion of cytokines is a normal function, but their recruitment
into dysregulated autocrine loops may contribute to neoplastic progression.

Due to the preferential growth, the prospective preovulatory follicle protrudes
onto the ovarian surface. Anatomical evidence suggests that OSE cells actively
participate in the mechanics of gonadotropin-induced follicular rupture. Proteolytic
enzymes released from the epithelial cells can degrade the basement membrane and

underlying theca layer, thereby weakening the ovarian surface. The general consensus is
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that degenerative epithelial cells are shed from the ovarian surface before ovulation
(Murdoch et al 1995). Ovulation creates a wound at the ovarian surface. The defect is
repaired by proliferation of epithelial cells from the perimeter of the ruptured follicle.
There are several reasons why the OSE may have an increased tendency for
neoplasia. First, the surface epithelium is in close proximity to the paracrine influence of
adjacent ovarian tissue and many of the receptors of the hormones and growth factors
produced by the ovary are present on the OSE cells. As already mentioned, OSE cells are
often found entrapped in the ovarian cortex and are potentially under increased mitotic
pressure. Additionally, it may be significant that the surface epithelium shows delayed
differentiation as manifested by its ability to differentiate along several pathways after

transformation.

8.3 Human Ovarian Cancer

Ovarian cancer is the fifth most frequent cause of cancer in women. Relative
prevalence increases with age and the majority of ovarian cancers are found in
postmenopausal women. Incidence is highest in industrialized cultures with the
exception of Japan. Circumstances that avert ovulation (oral contraceptive use,
multiparty, lactation) protect against the development of ovarian cancer (Fathalla, 1971).
Tumors of the ovary are either benign, borderline or malignant. Benign tumors require
operative intervention but do not recur or metastasize, nor do they generally decrease
survival. Borderline tumors, in contrast, are associated with a small risk of recurrence,
may have invasive implants and thus may decrease survival. Malignant tumors of the
ovary recur, metastasize, and decrease survival.

About 90% of all malignant tumors in the ovary are thought to arise from a single
layer of epithelial cells that cover the ovarian surface, and approximately 10% of those

are hereditary. Other histological types occur less frequently: 6% are sex-cord stromal
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tumors, 3% germ cell tumors, and about 1% tumors of indeterminate histogenesis. The
histologic type of tumor varies with age; most tumors in patients younger than 20 years
are of germ cell origin, whereas most tumors in postmenopausal patients are of epithelial
origin. Survival rates for most of these tumors are farily good (50-90 %; Williams et al
1997; Stenwig et al 1979). However, stage I ovarian epithelial carcinomas are
asymptomatic and the cancer is usually advanced when diagnosis is made. As a result the

survival rate is extremely low (30%).

8.3.1 Ovarian Epithelial Cancer

Cramer and Welch (1983) have proposed a model of tumorigenesis that attempts
to reconcile the existing epidemiological and pathologic data regarding ovarian cancer.
According to this model, the first step in tumorigenesis is the formation of epithelial
inclusion cysts or invaginations. Fragments of OSE are displaced from the ovarian
surface by adhesions or become trapped in the stroma as a result of ovulatory repair and
changes in the ovarian contours with aging. Cyst formation would result in disruption of
the connective tissue separating the OSE from the ovarian cortex. Thus the OSE cells
would be in proximity to steroid producing cells, a microenvironment presumably
favorable for proliferation and inhibition of growth arrest or apoptotic pathways. With
neoplastic progression, tendency of OSE cells to express mesenchymal characteristics
diminishes and the cells become increasingly committed to an epithelial phenotype.

OSE cells on the surface of the ovary express mesenchymal and epithelial
characteristics, but epithelial differentiation predominates in cells within inclusion cysts
(Radisavljevic 1976). The OSE cells modulate from an epithelial to a mesenchymal form
in vitro, whereas cancer cells retain an epithelial morphology, as well as keratin,
micorvilli, CA125 and E-cadherin (Auersperg et al 1994). In addition, an increased

commitment of OSE cells to an epithelial phenotype has been reported in women with a
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familial history of ovarian cancer (Auersperg et al 1997). Repetitive injury and repair of
the OSE might provide additional proliferative stimuli or inhibition of cell cycle arrest
signals and contribute to the formation of inclusion cysts. Growth factors (e.g EGF) in
follicular fluid or released from platelets could contribute to this process. Inheritence of
deleted or mutated genes is a possible basis for developing ovarian neoplasia due to
ovulation. Induced genetic anomalies have been detected in rat OSE cells subjected to
repetitive passages, mimicking the wound response and strengthening the proposal that
continuous ovulations contributes to the pathogenesis of ovarian cancer (Godwin et al
1992). Genetically damaged cells that survive at the margins of ovulatory follicles may
give rise to a malignant phenotype. The stimulus for malignant transformation however,
remains unclear.

Hereditary ovarian cancers account for 5-10% of all cases. Three hereditary
ovarian cancer syndromes with autosomal dominance have been described: (1) site-
specific ovarian cancer, (2) nonpolyposis colon and ovarian cancer and (3) breast and
ovarian cancer (Auersperg et al 1997). Mutations in a gene involved in the breast and
ovarian cancer syndrome (BRCA1) appear to be responsible for a high production of
cancers in women (Xu and Solomon, 1996). At the cellular level, these include apical
microvilli and cilia, junctional complexes, epithelial membrane antigens and secretory
products including mucins and CA125. At the multicellular level, the tumors form

polarized epithelia, papillae, cysts and glandular structures.

8.3.2 Histological Types

Table 1 shows the current classification system for epithelial ovarian tumors.
These tumors are not uncommonly mixed, with two or more cell types coexisting in the
same neoplasm. The epithelium, in becoming malignant, exhibits a variety of Miillerian-

type differentiations. For example, the epithelium that characterizes serous tumors
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Table 1 Comparisons of ovarian cancers
Type Frequency of all tumours*
Common epithelial 90%

Serous 46%
Mucinous 36%
Endometrioid 8%
Clear cell 3%
Brenner 2%
Mixed 3%
Undifferentiated 2%
Germ cell 3%
Sex-cord stromal 6%

(Robboy et al 1988)
* Indented figures add to 100% and are subsets of common epithelial ovarian cancer



resembles the normal lining of the fallopian tube. Mucinous tumors usually resemble the
typical mucinous cells lining the normal endocervix. Endometrioid tumor cells are
mostly malignant, and usually resemble cells of the endometrium. Clear cell carcinomas,
resembling endometrioid tumors and often difficuit to be distinguished from serous
tumors, are often partially cystic and contain tubules, glands, papillae and cysts lined by
clear cells Brenner tumors are mostly large and cystic and closely resembie urothelial
differentiation. Undifferentiated carcinomas are defined as epithelial tumors that are so

poorly differentiated that they cannot be clearly classified (Robboy et al 1988).

8.3.3 Oncogenes and Regulatory factors in hOSE cancer

Cancer may be thought of in broad terms as a disease of genes, arising from a
variety of genetic alterations. These include: recessive and dominant mutations produced
through large rearrangements, loss of DNA, or single-point mutations, all of which lead
to distortions of either the expression or biochemical functions of the proteins for which
these genes encode. Vague symptoms that result in the late diagnosis of ovarian cancer
severly hamper the ability to gain insights into the genes which cause this disease. The
majority of ovarian cancer specimens are from late stage and possess a complexity of
genetic changes (Godwin et al 1994), making it difficult to establish the initiating
mutation, and order of the mutations during the course of the cancer. Cytogenetic
mapping of somatic ovarian cancer cells have revealed diverse heterozygotic allelic losses
and rearragements. Structural alterations involving human chromosomes 1, 3, 6, 7, 9, 11

and 17 are common (Auersperg et al 1998).
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8.3.3.1 Endocrine, Paracrine and Autocrine Factors

Development of ovarian cancers has been related to excessive gonadotropin
production associated with the onset of menopause (Cramer and Welch, 1983).
Receptors for gonadotropic hormones have been localized to some cancer cell lines
(Emons et al 1992; Isola et al 1994). Ovarian cysts and tumors developed in transgenic
mice that overexpressed luteinizing hormone (Risma et al 1997). More than half of
malignant tumors express receptors for progesterone, androgens, or estrogen, and some
ovarian tumors can synthesize and metabolize sex steroid hormones.

Based primarily on in vitro studies with established cell lines, growth factors and
cytokines that are present within the ovary and regulate ovarian function have been
implicated in the advancement of epithelial ovarian carcinomas (Berchuck et al 1993;
Ziltener et al 1993). PDGF, IGF-I, IL-1 and -6, TGF-a and TNF-a augmented ovarian
cancer cell growth, whereas TGF-B and INF-p and -a inhibited cell proliferation
(Berchuck et al 1993; Wu et al 1992) and downregulation of TGF-, a strong inhibitor of
epithelial cell growth, may contibute to the process of tumorigensis. While TGF-$
inhibits proliferation of normal hOSE cells, it can induce apoptosis in addition to growth

inhibition in ovarian cancers (Havrilesky et al 1995).

8.3.3.2 Protein Kinases

The protein kinases constitute the largest functional group of oncogenes. They
can be grouped into two classes: serine/threonine protein kinases and tyrosine kinases.
Deregulated protein kinase activity results in aberrant phosphorylation, often culminating
in unregulated mitogenic response.

The c-ERBBI/EGFR gene encodes for a growth factor receptor with tyrosine

kinase activity. This receptor is expressed in 54% of ovarian carcinomas although
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overexpression of this gene is seen only in 9-17% of ovarian cancers (van Dam et al
1991). A mutated form of the EGFR (Type III receptor variant, EG-FRVIII) was found
to be expressed in 73% of ovarian carcinomas, in S of 8 hOSE cancer cell lines but not in
the normal ovary or primary cultures of hOSE cells (Moscatello et al 1995). The role of
the EGFR and of this variant in oncogenesis is unclear. The £ERBB2 (HER-2/neu) proto-
oncogene is a cell surface receptor similar in structure to EGFR. Overexpression or
amplification of this receptor have been found in 5-32% of ovarian cancers (Bast et al
1993). Amplification was more frequent in invasive rather than borderline tumours
suggesting a limited role in early neoplastic transformation.

The c-MET proto-oncogene encodes a receptor tyrosine kinase for the hepatocyte
growth factor (HGF). HGF is a potent mitogen for epithelial cells and promotes cell
motility and invasion. It is expressed in normal OSE cells and benign tumors and is
overexpressed in a subset of epithelial carcinomas (DiRenzo et al 1994). The carcinomas
were generally of lower histologic grade and associated with stage I disease, suggesting
that c-MET may act early on in progression of OSE cancers and may confer additional
selective advantage to transformed cells.

The receptor for CSF-1 is a transmembrane protein tyrosine kinase encoded by the
proto-oncogene FMS. CSF-1 is a mitogen and activator of circulating monocytes and
tissue macrophages. Expression of CSF-1 is frequent in ovarian cancers and corrleates
with disease status (Kacinski et al 1990; Baiocchi et al 1991) The presence of FMS and
CSF-1 in the neoplastic epithelial cells suggest the existence of a potential autocrine loop.
Plasma levels of CSF-1 have corrleated with active or recurrent disease (Kacinski et al
1989).

A number of protein serine/threonine kinases have been found altered in human
malignancies. The expression of the cellular proto-oncogene AKT2, a serine-threonine
protein kinase related to protein kinase C, has been found to be altered in ovarian

neoplasms. AKT2 is amplified or overexpressed in 12-25% of aggressive malignant
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ovarian tumors. These particular tumours tend to have a poorer prognosis (Cheng et al
1992). Phosphatidylinositol 3-kinase (PI3 Kinase) is upstream of the AKT2 signaling
pathway. The copy number of its catalytic subunit is frequently increased in ovarian
cancers and is associated with increased activity leading to proliferation (Shayesteh et al

1999).

8.3.3.3 GTP-Binding and Nuclear Proteins

The GTP-binding proteins represent a class of proto-oncogenes that function to
couple messages from receptor kinases to intracellular secondary messengers. Cell
signaling by growth factor receptors is mediated through an elaborate cascade of
molecules that must ultimately reach their nucleus in order to activate and regulate gene
transcription. Several proto-oncogenes encode proteins that are localized in the cell
nucleus and are believed to act as transcription factors.

The RAS gene family represents one of the most frequently mutated oncogenes in
human malignancy. In ovarian cancer, alterations of the Ki-RAS gene are the most
prevalent. The highest percentage of alterations in Ki-RAS appear in 26-75% of
mucinous tumours. In contrast, expression of RAS was not observed in normal ovarian
control cases (Yaginuma et al 1992). It has been reported that the MYC gene, which
encodes a nuclear transcription factor, is amplified in 25% of malignant ovarian tumours
(Baker et al 1990). Amplification and/or overexpression of this gene has predominantly
been associated with more aggressive late stage or high grade tumors. This association
brings into question whether MYC alterations are a contributing factor to disease or just a

random event that occurs in advanced stage tumours due to aneuploidy in the tumor.
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8.3.3.4 Tumor-Suppressor Genes in hOSE Cancer Cells

Of all the dominantly acting oncogenes and recessive tumor-suppressor genes,
p53 gene is most frequently mutated in human cancers. The p53 gene product was
originally detected by virtue of its ability to form a stable complex with the SV40 large T
antigen (Soussi et al 1990). The gene encodes a nuclear phosphoprotein which exists at
low levels in virtually all normal cells. Wild-type p53 acts as a negative regulator of cell
growth and is induced following DNA damage and mediates cell-cycle arrest in late Gl
and to a lesser extent in G2. In some contexts, wild-type p53 can induce apoptosis and
the absence of the wild-type protein leads to resistance to ionizing radiation and
chemotherapeutic agents (Perego et al 1996). Wild-type p53 appears to mediate growth
supression in part through its specific DNA-binding and transcriptional regulatory
abilities. In particular, wild-type p53 can enhance the expression of p21/WAF-11/CIP1, a
protein capable of inhibiting cyclin-dependent kinases and arresting cell division (EI-
Deiry et al 1993). Mutant forms of p53 no longer possess the ability to arrest cell
growth and to induce apoptosis. To date, more than 135 ovarian cancers have been
found to carry mutations in the p53 gene, although the majority of these tumors are late-
stage, high-grade epithelial tumors of the ovary. p53 overexpression was found to be
associated with an aneuploid DNA content but did not correlate with age, grade or
median survival (Marks et al 1991). p53 mutations have been observed in 37-80% of the
advanced epithelial ovarian cancers studied and between 16-40% of early ovarian cancers
(Marks et al 1991; Kohler et al 1993). The lower frequency of p53 mutations in cancers
confined to the ovary and the near absence of mutations in benign and borderline ovarian
neoplasms suggest that p53 alterations may be a relatively late event in the development
of the malignant phenotype.

Mutations in the human breast and ovarian tumor suppressor gene BRCA1 are

found in 50-80% of familial cancers but in only a small percentage of sporadic tumors
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(Takahashi et al 1995). Reports on its function have been contradictory, but the protein
structure suggests that it is a nuclear transcription factor. It is found in rapidly
proliferating cells undergoing differentiation and expression occurs mainly in the testis,
thymus, ovary and breast. (Marquis et al 1995). Recently, it was found that BRCA1 and
human Rad51 (key component in double-stranded DNA repair pathway) colocalize and
interact physically in S-phase cells, thus supporting a role for BRCAI in DNA damage
repair (Scully et al 1997). In addition, in patients with a familial ovarian cancer there
may be an altered or defective capacity of OSE cells to take part in repair process as
demonstrated by the inability of these cells to produce extracellular matrix (Auersperg et

al 1997).

8.4 Treatment of Ovarian Cancer

The selection of therapy for patients with epithelial ovarian tumours is based upon
anatomic stage and the previously described clinico-pathologic features. Therapeutic
options may include cytoreductive surgery, chemotherapy, radiotherapy, or a combination
of these modalities. Only 10-15% of all patients with epithelial ovarian cancer are
diagnosed with early-stage disease and approximately one-third of all cured patients are
derived from Stages [ and II (Ozols et al 1997). Despite decades of effort aimed at
improving methods of early detection and diagnosis, the majority of cases of cancer of

the ovary are not diagnosed until the disease is advanced and has spread beyond the

ovary.

8.4.1 Surgery

Cytoreductive surgery involves removal of bulky tumor masses. Such effects are

likely to increase the ability to tolerate the intensive chemotherapy that is required. More
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importantly, removal of large tumor masses may enhance the response of the remaining
tumor to chemotherapy. In fact, several studies have shown that there is an increase in
survival rate in those patients under going chemotherapy or radiotherapy after their
tumor masses were reduced to nonpalpable levels compared to those that remained

palpable (Delclos and Smith, 1975).

8.4.2 Radiation Therapy

The aim of radiation therapy is to deliver a precisely measured dose of irradiation
to a defined tumor volume with as minimal damage as possible to surrounding tissues.
Sensitivity to radiation depends on the phase of the cell cycle and the duration of
exposure of the tumour to the source of irradiation (Terasima and Tolmach 1963).
[rradiation effects are apparent only when the cells are in a proliferative cycle and going
through one or more mitoses. Since most ovarian cancers spread throughout the
peritoneal cavity, radiation therapy for ovarian cancer should employ techniques that
encompass the whole peritoneal cavity so as to attain maximal benefits. However, the
dose of radiation that can be delivered safely to the abdomen is considered lower than
that considered optimal for successful treatment of solid tumors. Radiation provides
modest benefits to patients with a small number of residual clonogenic cells and there is

little or no curative potential for pateints with bulky diseases (Perez et al 1997)

8.4.3 Chemotherapy

Cell cycle events have important implications for cancer chemotherapy. Most
chemotherapeutic agents act primarily by disrupting some critical aspects of DNA, RNA
or protein synthesis, which is most likely to be destructive to rapidly proliferating cells.

The rate of tumour growth is dependent on the growth fraction and cell death. Growth
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fraction is the fraction of cells in the tumor mass that are actively proliferating. Only a
fraction of these cells in a typical tumor mass are rapidly proliferating; the rest are
quiescent. In animal tumor models, chemotherapeutic agents act by killing a constant
fraction rather than a constant number of the cells exposed to the drug. Only when the
log kill is very large (>99%) and the therapies are repetitive can single agent
chemotherapy be curative. Prolonged survival can only be achieved when the cell
population is reduced to between 10l and 104 cells. Cell burdens of this size are not
clinically detectable, emphasizing the importance of continuation of chemotherapy even
if residual disease is not detectable (Young 1997).

Chemotherapy agents have a complex mechanism of action and generally affect
tumor cells through several pathways. Certain anti-cancer drugs are cell-cycle specific
and proliferation independent whereas others are not dependent on cell-cycle stage. Cell
cycle specific agents depend on the proliferative fraction of the tumor. Hydroxy urea
which inhibits ribonucleotide reductase is a typical example. In order to optimize the
effectiveness of the drug, it is important to achieve a drug concentration and treatment
duration effect at critical tumor sites. Drug binding, lipid solubility, blood supply to
tumor and active membrane transport factors are important considerations for achieving
adequate concentrations of drug. Some drugs (e.g cyclophosphamide) are administered
as inactive compounds and are needed to be metabolized to an active form via the liver.
Drug excretion is primarily achieved by the liver and kidneys. Although many effective
anticancer agents exist, their curative potential depends on kinetics, drug access, tumor
sensitivity and resistance.

Cancer chemotherapy is always a balance between the benefits derived from
tumor destruction and the injury produced to the normal tissues. Bone marrow toxicity is
the most common side effect of cytotoxic drugs. Gastrointestinal, alopecia, skin, neural
and genitourinary toxicity are common side effects of chemotherapy, with prominence

depending on drug action and mode of elimination (Young 1997).



8.4.3.1 Cisplatin

The biological activity of cis-diamminedichloroplatinum (II) (CDDP or cisplatin)
was discovered accidentally during studies of growth inhibtion of Escherichia coli
(Rosenberg et al 1967). Since this finding, CDDP has evolved into the mainstay of
chemotherapy against ovarian cancer (Ozols et al 1997).

CDDP influx into the cell is believed to be by both active and passive
mechansims (Ma et al 1998). Evidence for CDDP uptake by passive diffusion indicates
that CDDP uptake is nonsaturable, even up to its solubility limit, and not inhibited by
structural analogs (Gately et al 1993). CDDP accumulation into many cell types is
partially energy dependent, oubain inhibitable, sodium dependent, and sensitive to
changes in membrane potential and cAMP levels, indicating that a carrier-mediated
transportor protein may be involved.

Activated CDDP 1is a potent electrophile that will react with any nucleophile,
including the sulfhydryl groups on proteins and nucleophilic groups on nucleic acids.
Several CDDP-DNA adducts have been identified, all occuring in the major groove of the
DNA. The two major products are the intra-strand crosslinks cisPt(NH3)>d(pGpG) (1,2-
d(GpG) and cisPt(NH3)2d(pApG) (1,2-d(ApG). These adducts represent 65% and 25%,
of the total amount of adducts formed, respectively (Eastman, 1987). Minor adducts are
monofunctionally CDDP bound to guanine, inter-strand crosslinks between two guanine
nucleotides and intra-strand crosslinks between two guanines separated by one or more
bases. Cytotoxicity has been believed to result from inhibition of DNA synthesis
(Harder and Rosenberg 1970) and recent evidence suggests that the CDDP-induced DNA
damage can lead to G) phase arrest and subsequently apoptosis (Sorenson et al 1990).

The signal transduction mechansim that links DNA damage to the cell death pathway
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remains unknown. There are proteins that recognize the conformational changes in
damaged DNA (Bruhn et al 1992). The NER pathway can remove CDDP-adducts (1,2
and 1,3 intrastrand crosslinks) and one of the componenets of the gene product of XPA,
is the damage recognition protein (Huang et al 1994; Asahina et al 1994). Once
damaged DNA is recognized, it is unwound by the transcription factor TFIIH. Studies
with cell extracts have demonstrated the existence of other proteins that bind to CDDP-
damaged DNA. One such protein, termed the structure-specific recognition protein
(SSRP), has the high mobility group (HMG) domain. These classes of proteins
recognize DNA structural elements such as bends or CDDP-modified DNA (Chow et al
1994). However, it is believed that these HMG proteins may actually block the lesions
from NER repair.

Following CDDP-induced DNA damage, the cell undergoes cycle arrest to allow
repair of the damaged DNA. If it is irrepairable, the cell undergoes apoptosis, a process
involving p53. In fact, DNA damage induced by CDDP can induce p53 (Zhan et al
1993). After DNA damage, the p53 protein is thought to bind to DNA and to activate
multiple genes involved in apoptosis (e.g. bax, Fas, IGF-BP3). The upstream events
leading to p53 induction are unknown but one may speculate that damage recognition
proteins (DRPs) may provide the signal. Since p53 itself can bind to DNA ends and
excision repair damage sites or internal deletion loops (Lee et al 1995), it is possible that
both p53 and a damage-detector protein are localized at the site of DNA damage and
repair where phosphorylation or other activating signals can then be processed. p53 can
also bind to RNA polymerase II basal transcription factor, TFIIH, which is involved in
the NER pathway (Wang et al 1995) and thus may be able to detect DNA damage
through direct interaction with NER proteins.

Two genes that are regulated by p53 could influence the decision to activate the
apeptotic pathway: bax and IGF-BP3. It is clear that overexpression of bcl-2 can block

p53 mediated apoptosis. Bax binds to bcl-2 and antagonizes its abiltiy to block apoptosis.
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IGF-BP3 blocks the IGF mitotic signaling pathway by binding to IGF and preventing its
interaction with its receptor. It has been reported that p53 can also regulate Fas
expression (Owen-Schaub et al 1995), although a p53 responsive element in the Fas gene
has not as yet been demonstrated. Recent studies show that p53 can regulate Fas in a
non-transcription dependent fashion by regulating its trafficking through the Golgi, thus
increasing the number of receptors on the cell surface (Bennett et al 1998). In addition,
CDDP treatment can result in JNK activation and protein kinase Ce translocation to the
nucleus (Ohmori and Arteaga 1998) and these factors may be involved in CDDP
cytotoxicity. Despite the success of CDDP in treating ovarian cancers, intrinsic resistance

or acquired resistance is still a major clinical problem.

8.5 Chemotherapy Resistance

Multidrug resistance (MDR) is a major clinical problem in ovarian cancer and
understanding the molecular basis is important for the design of new treatment strategies.
MDR is known to be multifactorial, consisting of mechanisms that prevent cytotoxic
drugs from reaching their targets and mechanisms that control cellular responses
downstream of the drug/target interaction. The first group of resistance mechansims
includes altered drug transport, increased drug inactivation and mutation or altered
expression of drug targets. The second group consists of altered DNA repair activity and

defects in the response to DNA damage.

8.5.1 Altered Drug Target

The ability of cells to increase the efflux of chemotherapeutic drugs often leads to
decreased intracellular accummulation and consequently increased chemoresistance.

Increased expression of an ATP-dependent drug efflux pump [P-glycoprotein (MDRI1)],
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can confer resistance to a wide variety of natural agents, but not alkylating or platinum
drugs (Goldstein 1996). The role of MDRI1 in ovarian cancers is presently unclear
(Bourhis et al 1989; Holzmayer et al 1992). Another ATP-dependent multidrug transport
protein, MRP has been shown to confer resistance to a series of drugs including
doxorubicin, etoposide and daunorubicin (Cole et al 1992). The frequency of MRP
expression in untreated ovarian cancers appears higher than that of MDR1 (Kavallaris et
al 1996).

Glutathione (GSH), a tripeptide thiol, is a potent nucleophile that can react with
alkylating agents and CDDP. This reaction forms a GSH-platinum complex that is then
eliminated from the cell by an ATP-dependent pump, GS-X (Ishikawa and Ali-Osman,
1993). It is believed that GSH protects cells by intercepting reactive platinum complexes
which otherwise react with DNA. GSH may also protect cells by supporting DNA repair,
possibly by stabilizing repair enzymes such as DNA polymerase a (Lai et al 1989).
Efforts to sensitize the tumours to chemotherapeutic agents by modulating the function of

these pumps are underway (Tsuruo et al 1981).

8.5.2 Drug Inactivation

A wide variety of detoxication pathways exist that enable a cell to inactivate
cytotoxic drugs. The mechanisms that have received the most attention in mediating drug
resistance in ovarian cancer include increased levels of GSH, GSH-S transferases and
metallothioneins. Inhibitors of GSH synthesis have been used to clarify the role of GSH
in drug inactivation. However, the effect of the inhibitors on chemo-sensitivity has been
unpredictable with respect to the various cell lines and platinum drugs examined
(Hamilton et al 1985; O'Dwyer et al 1992). The GSH-S transferases (GST's), a multigene
family which catalyzes the conjugation of GSH with some chemotherapeutic agents, has

been implicated in resistance to alkylating agents, anthracyclines, and platinum drugs.



Overexpression and antisense studies support a role forGSTs in resistance, although
conflicting data exist regarding the relationship between drug resistance and increased
levels of activity of GSTs in ovarian cancer cell lines (Lewis et al 1988; Saburi et al
1989). Studies indicate that neither tumor GST activity nor expression level is predictive
of response to chemotherapy in ovarian cancer patients (Auersperg et al 1998).
Metallothioneins (MT) have been implicated in drug resistance to a variety of agents
including CDDP and melphalan due to their presumed role in the detoxification of heavy
metal ions. However, the association between increased MT levels and anticancer drug

resistance in vitro remains unclear (Kelley et al 1988; Schilder et al 1990).

8.5.3 Increased DNA Repair Activity

Failure to prevent DNA damage by mechanisms such as those described above
leaves a cell with no option but to repair or tolerate DNA damage if it is to survive. To
protect and maintain the integrity of DNA, mammalian cells have developed a variety of
mechanisms for repairing various types of DNA damage. As mentioned, the removal of
bulky DNA adducts formed by chemotherapeutic drugs occurs predominantly by the
NER pathway. Cell lines exhibiting mutations in repair genes exhibit hypersensitivity to
DNA damaging agents. With regards to ovarian cancer, the majority of the studies
involving DNA repair have focused on platinum-DNA adducts. Increased repair of Pt-
DNA adducts has been shown to be associated with CDDP resistance in human ovarian
cancer cell lines (Masuda et al 1990; Lai et al 1988). Although the molecular basis for
increased DNA repair activity in resistant cells has not been fully defined, increased
expression of a few putative DNA repair genes has been suggested to contribute to the
enhanced repair capacity observed in some CDDP-resistant cells. Increased XPA and
excision repair enzyme (ERCC1) mRNA levels have been observed in ovarian cancer

tissues obtained from patients refractory to platinum drugs (Dabholkar et al 1994).
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Modulation of resistance resulting from enhanced DNA repair activity has been limited

by the availability of effective repair inhibitors.

8.5.4 Increased DNA Damage Tolerance

A frequently observed but currently unexplained feature found in MDR cells is
the capacity to survive despite high levels of drug-induced damage. One tolerance
mechanism that has been described for DNA damaging drugs, such as alkylating agents
or platinum drugs, is enhanced capacity for replicative bypass. Enhanced replicative
bypass, a process that allows a cell to continue DNA synthesis past a lesion, can enable a
cell to successfully continue DNA synthesis and arrest in the G2 phase of the cell cycle,
after which postreplication repair processes can correct the DNA damage before mitosis.
It has been shown in vitro that DNA polymerase can efficiently bypass a single
intrastrand crosslink (Hoffman et al 1995).

The cellular resistance mechanisms described thus far act to reduce the overall
level of drug-induced damage. If this threshold is exceeded, however, an intracellular
signaling pathway may be activated that results in apoptosis. Since an intricate sequence
of events is required for cell death to occur, it is possible that a mutation in one of the
participating proteins of the pathway may enable a cell to survive increased amounts of
damage. Alternatively, overexpression of a negative regulator of cell death in a resistant
cell could also suppress apoptosis. Mutations in the p53 gene and overexpression of the
Bcl-2 oncogene are examples of each of these scenarios, respectively. In the presence of
DNA damage, the wild-type p53 protein activates genes that are capable of inhibiting cell
growth and/or inducing apoptosis. Overexpression of a dominant negative p53 mutant
protein has been shown to reduce drug sensitivity in some cells, but not others,
suggesting that p53-mediated cell death depends on other cellular factors (Lowe et al

1993; Fan et al 1995; Vasey et al 1996). Mutations in p53 are common in late stage



41

ovarian cancer. One study found a significant correlation between p53 accumulation, p53
mutation, and response to CDDP therapy (Righetti et al 1996). Overexpression of the Bcl-
2 and Bcl-x genes has been shown to protect cell from apoptotic death after exposure to a
variety of drugs (Minn et al 1995; Miyashita and Reed 1993). However, in a recent
ovarian cancer study, Bcl-2 expression was not found to be closely associated with the
response to chemotherapy (Herod et al 1996).

In addition to the direct disruption of programmed cell death pathways, factors
that modulate the activity of signal transduction pathways can also affect the overall drug
sensitivity or resistance of cells. The expression of certain protooncogenes such as H-
Ras, v-abl and Her2/neu have been shown in some cases to promote the survival of cells
after exposure to cytotoxic drugs (Isonishi et al 1991; Chapman et al 1995). Conversely,
several agents (e.g tamoxifen, EGF, IL-1 and TNF-a) that activate or inhibit signal
transduction pathways have been shown to enhance drug cytotoxicity in various cell lines

(Kroning et al 1995; Auersperg et al 1998).

8.6 CDDP Resistance
8.6.1 CDDP Accumulation and Inactivation

Although the mechanisms of acquired resistance has been extensively studied,
relatively little is known about intrinsic CDDP resistance. As already mentioned,
potential mechanisms responsible for acquired resistance can be classified into two
categories: those that lead to a reduction in the formation of cytotoxic DNA lesions and
those that minimize their impact. A reduction in CDDP cellular accumulation is one
mechanim used to reduce the formation of DNA lesions. CDDP influx is believed to be
due to both active and passive mechanims. The active mechansim had been lost in a
CDDP-resistant ovarian cancer cell line (Ma et al 1998). In a panel of 12 cell lines

derived from ovarian tumors of patients with or without platinum-based chemotherapy,
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CDDP accumulation varied five-fold but was not associated with CDDP sensitivity
(Johnson et al 1996). However, when decreases in influx occured they were modest, even
when the level of resistance was high (Lai et al 1989; Andrews et al 1985; Andrews et al
1987). The MDR1 pump is not involved in CDDP resistance (Deuchars and Ling 1989).
GSH may protect cells by intercepting reactive platinum complexes, thus preventing their
reaction with DNA. GSH may also protect cells by supporting DNA repair possibly by
stabilizing repair enzymes such as DNA polymerase a (Lai et al 1989). Increased levels
of GSH have been observed in many CDDP-resistant ovarian epithelial cancer cells
(Hamilton et al 1985; Godwin et al 1992), which may be due to c-jun mediated
overexpression of the enzyme y-glutamyl cysteine synthetase (Yao et al 1995).
Buthionine sulfoximine (BSO) irreversibly inhibits this enzyme and reduces the levels of
GSH. However, CDDP resistance is not completely reversed by BSO, suggesting that

there are other cellular mechanisms involved (Andrews et al 1985).

8.6.2 CDDP Resistance and DNA Repair

As mentioned, CDDP-damaged DNA can be repaired by many mechansims, two
of which are the NER and mismatch repair (MMR) pathway. Increased repair of CDDP-
DNA adducts has been demonstrated in many CDDP-resistant human ovarian epithelial
cancer cells (Johnson et al 1994; Masuda et al 1990; Parker et al 1991). Relative levels of
the proteins involved in the NER pathway have been measured in CDDP sensitive and
resistant tumors. The XPA, XPE [general damage recognition proteins (DRP) in NER]
and ERCCI (involved in $' incision) proteins were found to be overexpressed in CDDP-
resistant ovarian cancer cells as well as cells of other origins (Chu and Chang 1990;
Dabholkar et al 1992; Dabholkar et al 1994). In addition, research into repair of CDDP-
adducts has demonstrated a higher repair rate in actively transcribed genes than in silent

or non-coding regions of DNA (Johnson et al 1994). The MMR system seems to be
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involved in G2 arrest rather than G1 arrest. Hence, G2 arrest most commonly seen with
CDDP may be related to the MMR system (Mello et al 1996; Sorenson et al 1990). A
CDDP resistant MMR-deficient cell line showed a decrease in apoptosis (Aebi et al
1996). The DRP of the MMR system, hMuta, which recognizes platinum-DNA adducts
and triggers apoptosis (Duckett et al 1996), is overexpressed in human ovarian cancer
cells as well as other tumors. It has been hypothesized that the hMSH2 (another DRP of
the MMR pathway) shields CDDP-adducts and blocks MMR, thus allowing adducts to
persist. The loss of the MMR would lead to enhanced repair of CDDP adducts by the
NER and increased resistance. JNK regulates DNA repair and inhibition of this pathway
sensitizes tumor cells to CDDP, suggesting that the increase in JNK and c-jun in response

to CDDP may enhance DNA repair.

8.7 Apoptosis
8.7.1 Physiological Significance of Apoptosis

Apoptosis (or programmed cell death) is a normal, physiological process of cell
death (Wyllie et al 1980; Kerr et al 1972) It is a genetically controlled process by which
unwanted cells are eliminated without eliciting an immunological response. It has been
postulated that all differentiated cells in multicellular organisms are capable of
undergoing apoptosis through a highly conserved suicidal program (Raff, 1992; Raff et al
1993; Thompson, 1995). The apoptotic death programme may be activated by
deprivation of survival factors, binding an apoptosis-inducing ligand to its receptor or
irreversible damage (e.g DNA damaging agents) to cellular macromolecules (Jacobson et

al 1997; Hsueh et al 1994).

8.7.2 Morphological Aspects of Apoptosis



Early in the apoptotic process the cell loses its volume (cytoplasmic condensation)
and pulls away from its neighbouring cells. Blebs are formed at the cell membrane while
the chromatin in the nucleus condenses and migrates to the nuclear envelope. The other
organelles (e.g. mitochondria, golgi, etc.) retain their structure. In the final stages of
apoptosis, the nucleus disintegrates into spherical dense fragments and the cell begins to
fragment as the membrane blebs lead to budding off of membrane-bound vesicles
(apoptotic bodies; Kerr et al, 1972; Kerr et al, 1994). Apoptotic bodies containing
cytoplasmic and nuclear material of the dying cell, are quickly removed by neighbouring
cells via phagocytosis (Savill, 1995). Thus, no cellular contents spill into the
extracellular space and, as a consequence, no immunological response s elicited (Figure
2).

In contrast, necrotic cell death affects a continuous tract of cells in a tissue.
Necrosis is a consequence of physical injury or traumatisation, such as an ischemic insult.
This leads to loss of cell structure and swelling, as the cell loses its ability to maintain the
ionic potential across its cell membrane, and ultimately cell rupture. The cytoplasmic
contents are released into the extracellular space resulting in an immune response and

inflammation.

8.7.3 Biochemical Aspects of Apoptosis

Apoptosis is an active, energy-utilising, gene directed process. Synthesis of new
mRNA and protein appears to be required for apoptotic cell death in some but not all cells
(Martin et al 1988; Schwartz and Osborne 1993). A biochemical hallmark of apoptosis is
the cleavage of chromosomal DNA into nucleosomal units (180 bp multiples), which
appears to be the final event in the cell death process (Wyllie et al 1984). The Ca2+
/Mg2+-dependent endonuclease DNasel may be one of the enzymes responsible for DNA

degradation (Boone and Tsang, 1997). Another endonuclease responsible for this
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genomic degradation has been cloned in the mouse and is a caspase-activated DNase
(CAD) which is complexed to its inhibitor ICAD. The human homologue of ICAD is
DNA fragmentation factor (DFF). Both ICAD and DFF can be cleaved by caspase-3.
Cleavage of ICAD releases CAD, which translocates into the nucleus and cleaves the
DNA, whereas DFF enters the nucleus after cleavage and presumably activates a nuclear
DNase similar to CAD (Enari et al 1998; Liu et al 1997). Also, DNA fragmentation does
not always produce the 180 bp multiples but much larger 300 kb multiples, a size
associated with chromatin loops (Ormerod et al 1994). In contrast, necrotic cell death is
passive, does not use ATP nor involve new protein or RNA synthesis. The breakdown of
DNA in necrotic cells is random and generalized, resulting in a 'smear’ when the DNA is
resolved on agarose gels (Afans’ev et al 1986).

Type II transglutaminase is a Ca2+-dependent cytosolic protein which is
selectively upregulated in cells undergoing apoptosis (Piacentini et al 1994). During
apoptosis, the large elevation of cytoplasmic calcium is sufficient to activate the
transglutaminase which catalyses irreversible cross links between the glutamine residue
of one protein and the lysine residue of another (Piacentini et al 1994). Cross linking of
intracellular proteins stabiliszes the cytoplasm of the dying cells, hence preventing
leakage of cytoplasmic contents into the extracellular space, an event which could lead to
an immune response. Immunological characterization of the cross-linked matrix in
apoptotic cells indicated the presence of actin, fibronectin, vinculin, annexin II, and other
as yet uncharacterized proteins (Knight et al 1993). As well, a rearrangement of the actin
microfilament network occurs in the cytoplasm of apoptotic cells to allow for cellular
condensation and fragmentation in the formation of apoptotic bodies (Hale et al 1996;
Martin and Cotter 1990; Cotter et al 1992).

In healthy cells, the anionic membrane lipid phosphatidylserine (PS), located in the inner
plasma membrane, is inaccesible from the extracellular space, while sphingomyelin,

phosphatidylcholine (PC), and the neutral phospholipids are found on the outer plasma
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membrane of the bilayer (Fadok et al 1992). During apoptosis, PS is exposed on the
outer membrane surface. For this reason, apoptotic but not healthy cells acquire the
ability to recognize annexin V, a protein with a high affinity for PS (Homburg et al 1995).
It has been proposed that the appearance of PS in the outer membrane is important for
phagocytosis of apoptotic cells by neighbouring cells or macrophages (Fadok et al 1992).

Although the mechanisms involved in inducing the nuclear, cytoplasmic and
membrane events are largely unclear and not well understood, it appears that they can
proceed in parallel (Jacobson et al 1994). Furthermore, the cytoplasmic and nuclear
events can occur independently during apoptosis. For example, DNA fragmentation is

not required for the cytoplasmic changes to occur (Jacobson et al 1994).

8.7.4 Molecular Aspects of Apoptosis

There is growing evidence suggesting that the process of apoptosis is very highly
conserved throughout evolution, and that the diverse signals inducing or suppressing
apoptosis eventually converge on limited number of evolutionary conserved genes. Bcl-2
and interleukin-1B-converting enzyme (ICE) proteins are members of two gene families
involved with apoptosis. ICE members are cysteine proteases that cleave
peptides/proteins at sites after aspartic acid. ICE members are now called 'caspases’
(cysteine aspartase), and 13 caspases have been identified to date (Thomberry and
Lazebnik, 1998; Humke et al 1998). Human homologues to caspases -11 and -12 have
not been identified. All caspases exist in the cell in inactive forms (zymogens) which
must be proteolytically activated to be functional. Caspases operate in a cascade where
upstream caspases activate downstream caspases by proteolytic cleavage, in addition to
cleaving their own substrate to destroy or activate it. Over-expression of the caspases
results in apoptosis (Thomberry and Lazebnik, 1998). Caspase -1, -4, -5, -11, -12 and -13

are primarily involved in procytokine activation while other caspases are considered to
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Figure 2. The morphological features of apoptosis

A: First, the apoptotic cell undergoes cytoplasmic condensation and pulls away from its
neighbouring cells. B: Blebs (arrow head) are then formed at the cell membrane, as the
cell prepares to fragment. The nucleus also disintegrates in the cells and chromatin is
found in discrete dense fragments. C: The cells begins to fragment into membrane-
bound vesicles called apoptotic bodies. D: The apoptotic bodies are quickly removed by
neighbouring cells via phagocytosis, and digested in lysosomes.



modified from Kerr et al 1972
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promote apoptosis. In addition to cleaving other caspases, caspases active in the
apoptosis process degrade proteins required for cell viability and function, including poly
(ADP)-ribose polymerase (PARP; an enzyme involved in DNA repair), DNA-dependent
protein kinase (DNA-PK), sterol regulatory element binding proteins (SREBPs), small
nuclear ribonucleoproteins (important in spliceosome assembly and mRNA processing;
e.g. Ul-snr), focal adhesion kinase (FAK; protein involved in maintaing cell adhesion),
mdm-2 (protein involved in degrading p53) and Bcl-XL. (Nicholson and Thomberry
1997, Nagata 1997). Caspases also degrade proteins required for cell structure and
support such as lamin, actin, and structual proteins in the nuclear scaffold (Thomberry
and Lazebnik, 1998). Table 2 contains a list of the 13 known caspases and their substrates
reported to date.  The caspases implicated in apoptosis are currently divided into
initiators and effectors. Generally caspase -2, -8, -9 and -10 are upstream components of
the proteolytic cascade. Caspases -2, -3, -6 and -7 are involved in the effector phase of
apoptosis.

Whereas the caspases work to induce or facilitate the apoptotic process, the bcl-2
proto-oncogene family members can both suppress and promote apoptosis. There are at
least 12 mammalian members in the bcl-2 gene family that can form homodimers and
heterodimers with one another. Bcl-2, bcl-xlong, mcl-1 and A/ inhibit apoptosis, whereas
bcl-xshort, bax, bad, bik, bid, bak, Harakiri, bim and bok promote apoptosis (Adams and
Cory, 1998). Consequently, each monomer can either enhance or suppress the function of
the other dimers of the bc/-2 family. In this way, the ratio of inhibitors to activators may
determine the cell's propensity to undergo apoptosis. Overexpression of bcl-2 or bcl-
xlong blocks apoptosis induced by various triggers such as serum- or survival factor
deprivation, irradiation, c-myc, Fas ligand (in few cell types), TNF-a and anti-cancer

drugs (Boise et al 1995, Scaffidi et al 1998).
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Table 2 Members of the caspase family and their known substrates
Protease Substrate
Caspase-1 (ICE) pro-interleukin 13, pro-caspase 3 and 4
Caspase-2 PARP

Caspase-3 (CPP32) Actin, PARP, DNA-PK, SREBP, rho-GDI, Ul,DFF, MDM-2,
BCL-XL, FAK, MEKK1, STAT

Caspase-4 ?

Caspase-5 ?

Caspase-6 lamin A

Caspase-7 PARP, pro-caspase 6 ,SREBP

Caspase-8 (FLICE) Pro-caspase -3,-8,-10 and 13, Bid
Caspase-9 pro-caspase-3, PARP

Caspase-10 (FLICE2) Pro-caspase-3

Caspase-11 pro-caspase-1 (no known human homologue)
Caspase-12 ? (no known human homologue)

Caspaser-13 (ERICE) ?
? implies the substrate for that caspase is yet unknown

Thomberry and Lazebnik, 1998
Nicholson and Thomberry 1997
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Bcl-2 and bcl-xlong are intergral membrane proteins that share similarity with the pore-
forming domains of certain bactieral toxins (eg. diphtheria toxin). They are localized
mostly in the outer mitochondrial membrane but with smaller amounts present in the
endoplasmic reticular and nuclear membranes. Bcl/-2 family proteins have a profound
influence on mitochondrial alterations associated with apoptosis. These include the loss
of the electrochemical gradient across the inner membrane, generation of superoxide free
radicals, release of matrix associated Ca2+ and the release of cytochrome c (cyt c) into
the cytosol (Reed et al 1997). The anti-apoptotic members prevent these changes in the
mitochondria whereas the pro-apoptotic members promote these changes.

It is postulated that these proteins can form channels that may transport proteins
and/or ions. It is unclear how the anti-apoptotic members (which can also form ion
channels) of the bcl/-2 family antagonize the effects of the pro-apoptotic members (Reed
et al 1997) but it has been shown that Bax can directly induce release of cyt ¢ from
mitochondria (Jiirgensmeler et al 1998). Caspase-8, activated by association with the
intracellular domain of an activated TNF-a or Fas antigen receptor, can cleave the pro-
apoptotic bid protein (Muzio et al 1996; Boldin et al 1996; Gross et al 1999). Once
cleaved the fragment of bid translocates to the mitochondria and causes the release of cyt
c. Apoptotic protease activating factor-1 (Apaf-1) is a recently cloned protein that is the
mammalian homologue to CED-4 in C. elegans (Zou et al 1997). There is recent
evidence that caspase function may be modulated by physical interaction wth Apaf-1, cyt
¢ and Bcl-2 family members (Pan et al 1998). Caspase-9 forms a multiprotein complex
containing Apaf-1 and cytc which is dATP dependent (Li et al 1997). It has been
proposed that cyt ¢ initiates apoptosis by inducing the formation of the caspase-9/Apafl
complex. Caspase-9 can then cleave caspase-3 (Hu et al 1998). The anti-apoptotic
protein Bcl-x/ can interact with caspase-9 and Apaf-1 resulting in the suppression of

caspase-9 activation and therefore inhibited the activation of caspase-3. The association
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of caspase-9 with pro-apoptotic and anti-apoptotic proteins suggests a major role for this
protease in the control of apoptosis in vivo.

Activation of cysteine protease in this pathway depends on the nature of
dimerization of bc/-2 family members. Evidence suggests that certain cell survival
factors suppress apoptosis by preventing apoptosis-promoting members from forming
heterodimers with suppressor members of bcl-2. In the presence of survival factors, bad
(a pro-apoptotic member of bcl-2) is phosphorylated on serine residues, presumably
through AKT kinase (Wang et al 1996; Datta et al 1998). Phosphorylated bad loses its
affinity for bcl-2 and is sequestered by the 14-3-3 protein.

In addition to caspases, it is becoming increasingly clear that signal transduction
pathways involving specific protein kinases are involved in mediating apoptosis.
Sustained activation of the JNK or p38 kinase pathways have been implicated in
apoptosis (Yang et al 1997; Xia et al 1995). However, a number of reports have
challenged the notion that the activation of JNKs and/or p38 kinases is sufficient to
induce apoptosis (Smith et al 1997; Liu et al 1996). Thus, it appears that other signal
pathways are required for apoptosis. However, the integration and balance of the JNK
and p38 pathways probably do contribute to commitment to apoptosis.

Caspases can be regulated by the presence of inhibitors The family of [APs
(inhibitor of apoptosis proteins) can inhibit apoptosis in most cells. One family member,
x-linked IAP has been shown to selectively inhibit caspase-3, -7 and pro-caspase-9 in
vitro (Deveraux et al 1997, Deveraux et al 1998). IAPs can also inhibit apoptosis through
non-caspase mechanisms, chiefly involving NF-xB. NF-kB can induce [AP expression
and IAPs can in turn activate NF-kB (Stehlik et al 1998). IAPs block a wide spectrum of
non-related apoptotic triggers, more so than bc/-2 members, reflecting a site of action

further downstream of bcl-2.
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8.7.5 Apoptosis in Cancer

Dysregulaton of apoptosis, involving either inappropriate cell loss or failure to
execute the apoptotic cascade, is the basis of many disease pathologies. Cancer and many
of the autoimmune disorders can be conceptualized as the failure to execute apoptosis in
cells which are destructive to the organism. Complete transformation of a cell may
require both increased proliferative capacity and protection from apoptosis. The first clue
that regulation of apoptosis influenced tumorigenesis came from studies of insulin-like
growth factor 2 (IGF-2) in mice overexpressing the SV40 T-antigen (Tag). The IGF-2
null mice exhibited the same mitotic index as wild-type mice but there was an increase in
apoptotic index and a decrease in tumor size. This suggested a role of enhanced survival
rather than a mitogenic function for IGF-2, and a potential role of apoptosis in the
regulation of tumorigenesis (Christofori et al 1994). Similar studies using transgenic
mice expressing Tag and over-expressing bcl-xL demonstrate an increased frequency of
tumor formation. However, early steps in multistep tumorigenesis are unaffected by the
down-regulation of apoptosis afforded by bcl-2 overexpression (Naik et al 1996).
Overexpression of XIAP and Hiap-2 was found in various cancer cells lines and a novel
IAP termed survivin (Ambrosini et al 1997) was found to be expressed in cancers of
many types as well as lymophoma, whereas it was almost absent in normal adult tissues.
Taken together, these data suggest that a reduction of apoptosis, although not affecting
the preneoplastic stages, may significantly enhance tumor progression when coupled with

enhanced proliferation.

8.7.6 Apoptosis and CDDP Resistance

It has been postulated that a defect in the ability of the cells to undergo CDDP-

induced apoptosis could contribute to CDDP resistance. Several components of the
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apoptotic pathway have been examined in CDDP resistant cancer cells. As mentioned,
the p53 protein plays a critical role in inducing apoptosis in response to CDDP-damaged
DNA. It has been observed that the loss of p53 can significantly decrease the sensitivity
of human ovarian cancer cells as well as other tumor cell types to CDDP (McCurrach et
al 1997; Eliopoulos et al 1995). For example, the experimental development of CDDP
resistance in vitro in IGROV-1 ovarian cancer cell lines is accompained by the
development of p53 mutations and abrogation of the normal response to DNA damage,
including upregulation of p53 and related downstream genes (Perego et al 1996).
Transfection of the A2780-s cell line with a temperature sensitive p53 mutant induced
resistance to CDDP (Eliopoulos et al 1995). Interestingly, the BRCA1l protein can
interact with p53 in vitro and in vivo and can enhance p53-dependent gene expression by
acting as a p53 coactivator (Ouchi et al 1998). It was recently found that the BRCAl
protein is overexpressed in CDDP resistant ovarian cancer cells exhibiting increased
DNA damage repair. BRCA1 antisense expression resulted in increased sensitivity to
CDDP, decreased proficiency of DNA repair, and enhanced rate of apoptosis (Husain et
al 1998). Chemotherapeutic agents may induce apoptosis in the absence of a functional
p33 and there is evidence that CDDP resistance may develop independently of p53
alterations (Coukos et al 1998).

It is possible that other factors controlling apoptosis may be overexpressed or
deregulated in cancer cells. The Bc/-2 protein, a negative regulator of apoptosis, has been
found to be overexpressed in cancer cells. Transfection of Bcl-2 or Bcl-xL can prevent
CDDP-induced apoptosis in many cancer cells lines, including ovarian cancer
(Eliopoulos et at 1995; Weller et al 1995). Some studies have shown that addition of
general caspase inhibitors to ovarian cancer, human glioma, neuroblastoma and leukemia
cell cultures can block apoptosis induced by CDDP, DXR and etoposide (Fulda et al
1998; Fuchs et al 1997). These studies suggest that since caspases seem to be necessary

for CDDP induced apoptosis, their deregulation can result in CDDP resistance. Although
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there has not been any demonstration of mutations in the caspases in drug resistant
tumours and cell lines, it is conceivable that gene mutations pertaining to caspases or
proteins involved in their activation could lead to the development of resistance to CDDP

as well as other chemotherapeutic agents.

8.8 The Fas and Fas Ligand System
8.8.1 Fas

Death cell surface receptors that transmit apoptosis signals initiated by specific
death ligands play a central role in apoptosis. Fas is a member of the TNF receptor
superfamily which is defined by similar, cysteine-rich extracellular domains. Other
members of this family include TNFR1 (p55 or CD120a), CARI, death receptor 3 (DR3,
Apo3, WSL-1, TRAMP, or LARD), DR4, DRS5 (Apo2, TRAIL-R2, TRICK 2 or
KILLER) (Ashkenazi and Dixit, 1998). The Fas receptor contains a cytoplasmic
sequence termed the death domain (DD) that is common to the death receptors This
domain enables the receptor to engage the cell’s apoptotic machinery (Nagata and
Golstein, 1995). The ligand that activates the Fas receptor is termed Fas ligand (FasL)
and is a type II membrane protein that belongs to the TNF gene superfamily. Other
members of this family include TNF and lymphotoxin o which binds to TNFR1; Apo3
ligand (TWEAK) which binds to DR3; Apo2 (TRAIL) which binds to DR4 and DRS
(Ashkenazi and Dixit, 1998). Fas and FasL play an important role in three types of
physiologic apoptosis (i) peripheral deletion of activated mature T cells at the end of an
immune response; (ii) killing of targets such as virus-infected cells or cancer cells by
cytotoxic T cells and by natural killer cells; and (iii) killing of inflammatory cells at
"immune-privileged" sites such as the eye (Ashkenazi and Dixit, 1998). Fas was
discovered by two groups in 1989 after mouse derived antibodies were cytolytic for
various human cell lines (Yonehara et al 1989; Trauth et al 1989). The gene for Fas is on

chromosome 10, its mRNA is 12 kb and the protein is approximately 45 kDa. Many



tissues and cell lines weakly express Fas, but abundant expression was found in the
thymus, liver, heart, lung, kidney and ovary (Nagata and Golstein 1995; Kim et al 1998).
Trimerization of the receptor results in aggregation of its intracellular DD, leading
to the recruitment of a set of signaling proteins and the formation of the death-inducing
signalling complex (DISC; Peter et al 1996; Figure 3). The Fas-associated death domain
protein (FADD) is an adapter protein and is recruited to the Fas receptor and couples to
the cross-linked receptor through its C-terminal DD. The N-terminal death effector
domain (DED) enables the recruitment of FADD interleukin-1 B-converting enzyme
(FLICE) or, as now commonly called, caspase-8 (Muzio et al 1996; Boldin et al 1996;
Fernandes-Alnemri et al 1996). Physiological caspase-8 cleavage requires association
with the DISC and occurs by a two step-mechanism. Initial cleavage generates a p43/p41
and a pl2 fragment and the pl12 is further processed to a plO fragment. Subsequent
cleavage of the p43/p41 fragment results in the formation of a p26 fragment and release
of the active site containing fragment p18. The p43/p41 and p26 fragments contain the
two DED domains (Medema et al 1998). There they can activate other caspases,
including caspase-3, in turn resulting in the specific cleavage of a number of "death
substrates™ (Scaffidi et al 1998). Activated caspase-8 can cleave the bid protein into a
pl5 fragment which translocates to the mitochondria and causes the release of cyto ¢
(Gross et al 1999). The Fas signalling pathway downstream of the DISC, has been shown
to involve the activation of additional caspases such as caspase-1, -3, -4, -6, -7 (Nagata
1997) -10 (Vincenz and Dixit 1997) and -13 (Humke et al 1998). In mice deficient in
caspase-3, the Fas apoptotic pathway was not affected in most tissues suggesting that the
participation of other effector caspases is sufficient (Kuida et al 1996). The viral
inhibitors, the molluscum contagiosum virus protein MC159 and the equine herpesvirus
protein E8, encode DED-containing decoy molecules that bind to either FADD (MC159)
or caspase-8 (E8) and disrupt assembly of the receptor signaling complex, thereby

abrogating the death signal. A mammalian inhibitor designated FLAME1 (FLIP/I-
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FLICE), containing two N-terminal DED’s but lacking a catalytic active site, binds to
caspase-8 and 10 and blocks their association with FADD (Hu et al 1997).

Fas signaling may proceed by two pathways, one involves mitochondrial factors
and one in which the mitochondria plays a minimal role. The pathway that is used once
Fas is activated seems to depend on the cell type. Type I cells (e.g B lymphoblastoid and
T-cells) use the mitochondria-independent apoptosis pathway and are not inhibited by
Bcl-xL. Type II cells (Jurkat cells) are mitochondria dependent (Scaffidi et al 1998). It
has been suggested that in the presence of caspase-3 and the levels of active caspase-8 at
the DISC will determine whether the apoptotic pathway will be mitochondria-dependent
or not.

In addition, a signaling protein Daxx can bind to the Fas DD and induce apoptosis
as well as the Jun N-terminal kinase (JNK) pathway (Yang et al 1997). This pathway
acts cooperatively with FADD and is Bcl-2 inhibitable. Activation of Fas may also result
in generation of ceramide, the role of which in apoptosis is unclear (Cifone et al 1994;
Hsu et al 1998). Several kinases (tyrosine and serine/threonine kinases) have also been
shown to be associated with Fas and may modulate the main death pathway initiated by
Fas in a cell-specific manner (Peter et al 1996). In some cell lines, anti-Fas antibodies do
not trigger apoptosis, but induce activation of the transcription factor NF-xB and/or

interleukin-8 secretion (Abreu-Martin et al 1995).

8.8.2 Fas Ligand (Fas L)

FasL is a 40 kDa type II membrane protein belonging to the TNF family. The human
FasL gene consists of 8.0 kb and maps to chromosome 1. The region upstream of the
ATG start codon contains several transcription elements such as SP-1, NF-kB and IRF-1
(Takahashi et al 1994). The FasL is modified by N-Linked glycosylation, which is not

required for biological activity. The FasL receptor binding site is found on the



57

extracellular domain (Orlinick et al 1997). FasL is predominantly expressed in activated
T cells and natural killer (NK) cells. Analyses of mice lacking Fas or FasL have
indicated that FasL is one of the major effector molecules of cytotoxic T lymphocytes
(CTL). However, when this system overfunctions, it causes tissue destruction. The
involvment of FasL-induced apoptosis in CTL-mediated autoimmune diseases (e.g
Hashimotos disease) has been demonstrated (Giordano et al 1997). FasL expression also
contributes to immune privelege (eye, testis and brain) by protecting transplants from
infiltration and destruction by activated T cells and NK cells (Nagata 1996).
Membrane-bound FasL can be cleaved to become a 26 kDa soluble form (sFasL).
Since metalloproteinase inhibitors prevent the shedding of FasL, it has been suggested
that a metalloproteinase is responsible for the production of sFasL. Membrane-bound
form of FasL is cleaved between Lys 129 and Gln 130 to create a soluble form (Tanaka et
al 1998). The human FasL is functional in inducing apotposis in activated lymphocytes
(Tanaka et al 1995) and cell lines that produce abundant levels of Fas (Tanaka et al 1998).
However, Tanaka et al (1998) demonstrate that cells expressing low levels of Fas were
resistant to sFasL and suggest that sFasL. may actually act to downregulate the cytotoxic
activity of FasL. Soluble FasL has been detected in the serum of human patients
suffering from large granular leukemia as well as NK lymphoma (Tanaka et al 1996). To
exhibit a lethal effect in mice, large amounts of sFasL were needed, suggesting that their
cytotoxic activity was less than that of membrane bound FasL (Tanaka et al 1997). Fas-
sFasL complexes are rapidly internalized, and this may prevent formation of the DISC.
Signaling may instead occur through Daxx, which triggers apoptosis more slowly and
less efficiently, possibly through JNK and activation of as-yet unknown caspases (Yang

et al 1997).
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Figure 3. Fas and Fas ligand signaling system.

Trimerization of the Fas receptor occurs upon ligand binding and reruits the adapter
FADD. FADD then recruits caspase-8, which upon activation can cleave caspase-3
directly and/or indirectly through Bid cleavage and activation of mitochondrial factors.
Caspase-3 then cleaves substrates necessary for the execution of apoptosis. Daxx can
interact with the DD of the trimerized Fas receptor and result in JNK activation, leading
to altered gene expression and presumably cell death.
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8.8.3 The Fas and FasL system and cancer

Since activation of the Fas/FasL system induces apoptosis, dysregulation of this
system may confer survival onto cells and may contribute to tumorigenesis. The loss of
Fas protein has been reported to induce resistance to apoptosis (Keane et al 1996).
However, apoptotic resistance in some Fas-expressing malignant cells has also been
reported (Owen-Schaub et al 1994). Abnormalties in Fas protein can occur due to
mutations of the Fas gene or abnormalities in post-translational processing of Fas
(Nambu et al 1998; Tamiya et al 1998). Loss of Fas expression has been demonstrated in
hematopoietic malignancies, colon, testicular, hepatocellular and breast cancer as well as
pulmonary adenocarcinomas (Nambu et al 1998; Keane et al 1996). Biochemical data
also support a role for Fas in tumorigenesis. Fas induced apoptosis is impaired in
hepatocytes from transgenic mice expressing SV40T antigen in the liver (these mice
develop hepatocellular carcinoma) and Fas sensitivity can be restored to colon cancer
cells by expression of wild-type p53 (Rouquet et al 1995).

Fas protein can occur as both a cell-surface and a soluble protein, with four
isoforms of the soluble form of Fas (sFas) being generated by alternative mRNA splicing
(Cheng et al 1994; Cascino et al 1995). This sFas can protect the cell against Fas-
mediated apoptosis by neutralizing the FasL (Cheng et al 1994). Elevated sFas levels in
sera from patients with non-hematopoietic human malignancies has been reported, with
elevated expression of sFas protein in tumor cells causing apoptotic resistance (Owen-
Schaub et al 1994). Taken together, these data support a role for the loss of Fas mediated
apoptosis during tumorigenesis and/or tumor progression.

FasL expression has to be tightly controlled to prevent destruction of tissue
sensitive towards Fas-mediated apoptosis. Cells with downregulated Fas, but expressing

FasL, can counter-attack Fas expressing lymphocytes. T-lymphocytes which would
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normally kill the tumor cells are then eliminated through Fas-mediated apoptosis (Nagata
1996). The FasL expressing tumor thus behaves like an immune privileged site.
Expression of FasL by tumors cells and the killing of infiltrating Fas-expressing activated
cytotoxic T lymphocytes was found to occur in a melanoma. In addition, FasL and the
sFasL have been detected in tumor cells of melanoma lesions (Hahne et al 1996).
Immune escape with the help of FasL has been established for colon cancer cell lines, as
well as for primary and metastatic colon tumors (O’Connell et al 1996).

Fas and FasL expression has been detected in the ovary. Monoclonal antibodies
to Fas induce DNA fragmentation in cultured human granulosa cells (Quirk et al 1995).
Injection of mice with anti-Fas antibodies also induced apoptosis in both the corpus
luteum and follicles, indicating a role for Fas/FasL system in luteal regression and
follicular atresia (Sakamaki et al 1997). In the adult human ovary, Fas expression has
been demonstrated in the oocyte and decreased with advance in follicular maturation
(Kondo et al 1996). Fas and FasL expression and function in human OSE cells have not
been determined. They may play a role in the induction of apoptosis in the OSE cells

during ovulation and their dysregulation may contribute to ovarian cancer.
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9.0 HYPOTHESIS

CDDP induces apoptosis in ovarian cancer cells by increasing the expression of
Fas and/or FasL. The loss of responsiveness of ovarian cancer cells to this agent may be

a result of its inability to up-regulate Fas and/or FasL expression and to activate the Fas

apoptotic pathway.
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OBJECTIVES

To examine the susceptibility of ovarian cancer cells to CDDP in the induction of

apoptosis.
To determine if the Fas signaling pathway is involved in CDDP cytotoxicity.

To examine the involvment of the Fas and FasL system in CDDP resistance.
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SPECIFIC AIMS
Ability of human ovarian cancer cells to undergo apoptosis

1. To determine if two pairs of CDDP-sensitive and -resistant hOSE cancer
cells will undergo apoptosis upon serum withdrawal.

2. To determine the responsiveness of hOSE cancer cells to
CDDP in terms of Fas-induced apoptosis.

Expression and regulation of Fas, FasL and sFas in hOSE cancer cells by CDDP

and their role in chemoresistance

1. To determine the presence of Fas and FasL protein in human ovarian
carcinoma.
2. To examine the expression of Fas and FasL protein in two pairs of

CDDP-sensitive and -resistant hOSE cancer cell lines in vitro.

3. To compare the expression of Fas, FasL and sFas in two pairs of CDDP-
sensitive and -resistant hOSE cancer cell lines in response to CDDP in

Vitro.

4. To determine if Fas is essential for CDDP-induced apoptosis in a CDDP-

sensitive cell line.
The involvment of Caspase-3 and -8 in CDDP-induced apoptosis.

1. To determine if CDDP-induced apoptosis involves the activation of

caspase-3 and -8 in hOSE cancer cells.

Functionality of Fas and FasL in hOSE cancer cells

1. To determine whether CDDP can enhance Agonistic Fas monoclonal Ab
induced cytotoxicity in hOSE cancer cells.



12.0 MATERIALS

QIAamp Blood Kit, QIAquick Nucleotide Removal Kit and ribonuclease A
(RNase A) were purchased from Qiagen Inc. (Chatsworth CA, USA). cis-
Diamminedichloroplatinum (II), Aprotinin, PMSF, ammonium persulfate, Tween 20,
bis-benzimide trihydrochloride (Hoechst 33258), agarose, mouse IgG and IgM, ethidium
bromide and Nonidet P-40 were purchased from Sigma Chemical Co. ( St. Louis Mo.,
USA). N,N-Dimethyl Formamide, sodium dodecyl sulphate, bromophenol blue, trizma
base, sodium chloride, ethanol and formaldehyde were purchased from BDH (Toronto,
Ontario, Canada). Culture media (RPMI1640 and DMEM/F12), culture media reagents
(Non essential amino acids, penicillin, streptomycin, fungizone and trypsin-EDTA) and
fetal bovine serum (FBS) were purchased from Gibco/Bethesda Research Laboratories
(Burlington, Ontario, Canada). Human ovarian epithelial cancer cells (OV2008, C13*,
A2780-s and A2780-cp) were gifts from Dr. Goal and Dr C.E. Ng respectively (Ottawa
Regional Cancer Centre, Ottawa, Ontario, Canada). Glycine, acrylamide, N,N-
methylene, bis-acrylamide, prestained low-range molecular weight markers, HRP linked
goat anti-rabbit IgG, horse radish peroxidase (HRP) linked rabbit anti-mouse IgG and
DC Protein Assay kit were purchased from Bio-Rad Laboratories (Mississauga, ON,
Canada). TEMED, dithiothreital (DTT), Coomassie blue were obtained Boehringer
Mannhein (Montreal, Quebec, Canada). Klenow polymerase was purchased from New
England Biolabs (Beverly MA, USA). a-[32P]-dCTP (250uCi/vial) and enhanced
chemiluminescence (ECL) kit were obtained from Amersham Life Science (Oakville,
Ontario, Canada). Anti-human mouse monoclonal Fas and FasL antibodies (Abs) were
purchased from Transduction Laboratories (Mississauga, ON, Canada). Anti-human
rabbit polyclonal Fas Ab was purchased from Santa Cruz Biotechnology (Santa Cruz,,

CA, USA). Agonistic and antagonistic anti-human monoclonal Fas Abs were purchased
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from Upstate Biotechnology (CH-11 and ZB4 respectively; Lake Placid, NY; Yonehara S
et al 1989; Yonehara S et al 1994). Anti-human rabbit polyclonal caspase-3 Ab was
purchased from Pharmingen (Mississauga, ON, Canada). Centricon spin columns were
purchased from Amicon (Beverly, MA, USA). Monolconal human anti-caspase-8 Ab

(C15) was a gift from Dr M. Peter (German Cancer Research Center, Heidelberg,

Germany).
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13.0 METHODS

13.1 Ovarian Cancer Cell Culture

CDDP-sensitive cells (OV2008 and A2780-s) and their resistant variants (C13*
and A2780-cp, respectively) were cultured at 37°C and 5% CO7 in either RPMI 1640
(OV2008, C13*) or DMEM-F12 (A2780-s, A2780-cp) (Gibco/BRL, Burlington, ON).
Media was supplemented with 1% non-essential amino acids, 0.5% streptomycin-
penicillin, 0.25% fungizone and 10% fetal bovine serum for cell plating. All treatments
were performed on cells in the log growth phase in serum-free media for up to 24h.
OV2008 and C13* hOSE cancer cells have previously been characterized by Andrews et

al (1990) while A2780-s and A2780-cp by DiSaia et al (1972) and Masuda et al (1990),

respectively.

13.2 Biochemical Assessment of Apoptosis (DNA Ladders)
13.2.1 DNA Extraction and Quantification

DNA was isolated using the QIAamp Blood Kit (Qiagen, Inc.) as per
manufacturer's instructions. Briefly, cells were lysed with an acidic salt solution and
subject to RNase and proteinase K treatment to digest RNA and protein. Samples were
loaded onto spin columns containing silica membranes which specifically bound DNA
(80 bp to 50 kb in size). Salt was removed from the columns by washing twice with an
ethanolic solution, and finally DNA was eluted with tris buffer (10 mM, pH 9). Eluted
DNA was stored at -80°C pending 3'-end labelling with a-[32P]-dCTP (deoxycytidine 5'-
a-[32pP] triphosphate). To quantify the DNA in the samples, 50ul of the above DNA
eluate was added to 450 ul tris (10 mM, pH 9). The absorbance of this final solution was
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measured in a quartz cuvette at 260 nm, using a Milton Roy Spectronic 1201

spectrometer. Fifty ng DNA/ ul gives an absorbance (OD) unit of one.

13.2.2 DNA 3' -end labelling

To quantify the extent of DNA fragmentation in cultured cells, the isolated DNA
was radiolabelled at the 3' -end with a-[32P]-dCTP, using the Klenow reaction as
described by Rosl (1992) and resolved on 1.8 % agarose gel electrophoresis (AGE). In
this reaction, the Klenow polymerase ligated the o-[32P]-dCTP to the free 3' hydroxyl
group (on the 5'—3’ strand) when the nucleotide base on the complementary DNA strand
was guanine. The reaction was allowed to proceed at RT for 30 minutes The labelled
DNA was purified with the use of the Nucleotide Removal Kit (Qiagen Inc.) as per
manufacturer’s instructions. Briefly, this involved adsorption of the DNA onto a silica
membrane in a spin column under low pH and high salt conditions, followed by washing
of the column with an ethanolic solution to remove salt. DNA (labelled) was eluted with

tris buffer (10 mM, pH 8.5) and stored at -20°C pending AGE.

13.2.3 Agarose Gel Electrophoresis and Autoradiography

Labelled DNA of different sizes was resolved by AGE according to the method of
Sambrook et al (1989). Briefly, radiolabelled DNA was mixed with gel loading buffer
(GLB; 0.25 % bromophenol blue, 0.25 % xylene cyanol and 30 % glycerol in water),
loaded 25 pl/ well in agarose gel [1.8% in tris-acetate EDTA buffer [TAE; tris (4.84 g/L),
glacial acetic acid (1.14 ml/ L), EDTA (0.001M)] and resolved at 60 volts for about 150
minutes. GLB provided a dense medium for reliable sample loading and contained a dye
(bromophenol blue which migrated at the same rate as 300 bp double stranded DNA) to

monitor the extent of electrophoresis. The gel was dried under negative pressure (no
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heat) in a gel dryer (Drygels Sr Model SE 1160) for 4 hours and exposed to X-ray film
for 2-24 hours. The X-ray film was then developed in Kodak M35A X-OMAT

processors.

13.2.4 Terminal deoxynucleotidyl transferase-mediated dUTP-biotin end labeling
(TUNEL)

In situ cell death detection by the TUNEL technique was carried out as previously
described (Gavrieli et al. 1992). Briefly, tumour sections were treated 37°C, 10 min with
proteinase-K (10 pug/ml in 20 mM Tris; 2 mM CaCly, pH 7.4), washed with Tris buffer
(100 mM Tris; 150 mM NaCl, pH 7.5; 15 min) and immersed in methanol containing 0.3
% H02 (RT, 20 min). After a 15 min rinse with distilled water, the sections were
incubated in the terminal deoxynucleotidyl transferase (TdT) buffer (25 mM Tris-HCI,
200 mM sodium cacodylate, 5 mM cobalt chloride, 250 png/ml bovine serum albumin,
pH 6.6; 15 min) and then in 50 ul of TdT buffer containing 10 U TdT and 1 nmol
biotinylated 16-dUTP in a humidified chamber (37 °C, 60 min). The biotinylated dUTP
molecules incorporated into nuclear DNA were visualized following incubation with
HRP-conjugated streptavidin (1:100; RT, 30 min) and DAB solution (5 min). In the
negative control slides, TdT or biotinylated 16-dUTP were omitted in the labeling

reactions.

13.3 Morphological Assessment of Apoptosis
13.3.1 Phase Contrast Microscopy

At the end of the culture period, cells were viewed under phase contrast
microscopy, using an (Axiovert 35 inverted microscope; Carl Zeiss Inc. Germany) and

photographed in bright field at high (400X) magnification.
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13.3.2 Hoechst Staining of Cultured Cells

At the end of the culture period, the medium (containing floating cells) was
transferred to a 1.5 ml microfuge tube. The cells were detached from the culture surface
by incubating in trypsin -EDTA (0.025 g/ml in PBS; 37 °C; 2 min) and combined with
floating cells in the medium fraction, and fixed with 37% formaldehyde (10% v/v; RT, 10
min). Next, cells were incubated with Hoechst 33258 dye (2 ug/ml in PBS; RT. 24h).
Hoechst 33258 dye, which interacts with double stranded DNA and emits visible light
when excited by UV, was used to assess nuclear morphology of ovarian cancer cells. An
aliquot of the cell suspension was placed on a glass slide, viewed under UV light under a
Zeiss IM 35 microscope (Carl Zeiss Inc. Germany) and photographed at 400X
magnification. Cells with fragmented nuclei or highly condensed nucle: (which stain
brightly) were considered apoptotic. Between 200-400 cells were counted in each

treatment group in every experiment.

13.4 Protein Analysis

13.4.1 Protein Extraction and Quantification

All procedures were carried out on ice or under refrigeration (4°C). Floating and
adherent cells were pooled and sonicated (1 min) in a lysis buffer (pH 7.4) containing
150 mM NaCl, 0.1% SDS, 0.5% sodium deoxycholate, 1% NP-40 in PBS and protease
inhibitors [PMSF (1 mM), aprotinin (10 pg/ml)]. The sonicates were then incubated for
lh and pelleted (30 min, 16,000 x g). Supemnatant was retained and stored at -20°C,
pending Western analysis. Spent culture media was processed as described by Tanaka et
al (1995). Briefly, spent culture media was filtered through a 0.22 micron syringe filter
(Millipore, Bedford, MA) to remove cell debris followed by centrifugation (30 min, 393,

201 x g) and the media was then passed through a Centricon spin column (molecular
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weight cut-off of 10 kDa) and concentrated 40X. Protein content of the extracts was

determined with the Bio-Rad DC Protein Assay.

13.4.2 Western Blot Analysis

Protein extracts (15-30 pg) were resolved by SDS-PAGE (Laemmli, 1970).
Protein extracts were loaded onto standard Laemmeli gels (10%). The proteins on the
gel were then electrotransferred (3GV, 16h) onto nitrocellulose membranes which were
then blocked (RT, 2h) with TBS-T containing 5% skim milk powder, and incubated (RT,
1h) with primary antibody diluted in TBS-T and 5% skim milk powder. The blots were
then washed in TBS-T (3 X 5 min, incubated with HRP- conjugated secondary antibody
(1:10,000) in TBS-T and 5% skim milk powder (RT, 1h) and washed again in TBS-T (3
X 5 min) and TBS (1 X 5min). Peroxidase activity was visualized with the ECL kit, as
per manufacturer's instructions. Primary Ab dilutions were as follows: polycolonal anti-
Fas Ab (1:4000), monclonal anti-Fas and anti-FasL Ab (1:2000), polyclonal anti-caspase-
3 Ab (1:8000), monoclonal anti-caspase-8 (1:1000). Membranes were blocked in 2%
BSA in PBS and 0.05% T20 instead of skim milk when using the anti-caspase-8 Ab. The
gels were stained with Coomassie R250 after transfer to confirm equal protein loading.
Densitometric analysis was performed using a Document Scanner and Molecular Analyst

Software from Bio-Rad Laboratories (Mississauga, ON, Canada).

13.5 Soluble FasL Activity

OV2008 cells were cultured in serum-free media with or without CDDP (30uM)
for 24h. The spent media was concentrated 48X to a volume of 500ul using a centricon
spin column with the same molecular weight cut-off as mentioned previously. The

concentrated spent media was then transferred to subconfluent cultures of C13* cells.
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Agonist Fas mAb (2ug/ml) was added at the same time as the concentrated media. To
determine if the cell death was due to the FasL in the media, cells were preincubated for

6h with an antagonistic anti-Fas Ab (10ug/ml) that blocks the Fas receptor.

13.6 Preparation of human ovarian epithelial carcinoma

Ovarian surface epithelial carcinomas were obtained as pathologic specimens
from three patients (ages ranging from 57 to 76 years) who were undergoing their initial
laparotomy for surgical staging and tumour debulking. None had previously received any
chemotherapeutic agent and all three patients were found to have stage III disease at the
time of surgery. The tumour tissues were washed with PBS (pH 7.4), and then
immediately fixed in 10% neutral buffered formalin (pH 7.4) for 24h and followed by
routine paraffin embedding procedure. Adjacent paraffin tissue sections (4-5 um) were
deparaffinized with xylene (2 x S min) and hydrated with a series of graded ethanol (50-

90%) and subsequently with PBS for further histological analysis.

13.7 Immunohistochemistry

Immunohistochemical localization of Fas, FasL and PCNA in the tumour
sections was carried out as described previously (Kim et al. 1998). Briefly, tumour
sections were incubated in series with 0.3 % HO (20 min), PBS (3 x 15 min), 1.5 %
normal goat serum (RT, 1h), and with rabbit polyclonal anti-human Fas or FasL (0.3
pg/ml), or mouse monoclonal anti-human PCNA (0.2 pg/ml) antibodies (in 1 % blocking
serum; RT, 45 min). After three washes (15 min each) with PBS, the sections were then
incubated with biotin-conjugated goat anti-rabbit IgG or anti-mouse IgG (1:200; RT, 1h),
followed by avidin-biotin-peroxidase complex (RT, 1 h). They were washed with PBS
(3 x 15min) and incubated with diaminobenzidine tetrahydrochloride (DAB) solution (0.3

mg/ml DAB, 0.05 M Tris-HCI buffer, pH 7.6, 0.003 % H2O3 ) for 2-5 min. The nuclei
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were counterstained with hematoxylin. Rabbit or mouse IgG (1 pug/ml) was used instead

of primary antibody for the negative control reaction.

13.8 Statistical Analysis

All data are expressed as mean * SEM from 4-7 experiments. Studies were
statistically analysed by analysis of variance. Significant differences between groups

were determined by the Tukey’s test. Statistical difference was inferred at p<0.05.
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14.0 RESULTS

14.1 Serum Deprivation

It has been reported in many cell types that serum-deprivation in vitro induces
apoptosis (Raff, 1992). To determine whether the CDDP-resistant cells (C13*, A2780-
cp) were inherently more resistant to the induction of apoptosis than the sensitive
counterparts (OV2008, A2780-s, respectively), these ovarian cancer cells were subjected
to serum-deprivation for up to 48h. Cells were plated for 24 h in the presence of 10%
FBS, then further cultured for up to 48h in media with or without serum. DNA from the
serum containing and deprived cancer cell cultures did not display DNA fragmentation
(Fig 4 A and B). CDDP-resistant cells do not display an increased resistance to apoptosis
in response to serum-deprivation. Since serum-free conditions failed to induce apoptosis
in these cancer cells up to 48h, subsequent studies were carried out in serum-free
conditions up to 24h, to obtain a more defined culture system. As a positive control rat
granulosa cells were cultured in the presence and absence of serum for up to 24 h. DNA
fragmentation was observed in the granulosa cells cultured under serum free conditions
(Fig 4 C). LMW DNA fragmentation has previously been observed in OV2008 and
A2780-s cells lines in response to apoptosis inducing agents (Liu et al 1994; Song et al

1997).

14.2  Morphologically Healthy vs Apoptotic hOSE cancer cells

CDDP-sensitive (OV2008) and -resistant (C13*) human ovarian epithelial cells
cultured in the absence of chemotherapeutic agents exhibited normal cellular

morphology as evident by their adherence to the growth surface and flat, cobblestone-like
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Figure 4. Serum deprivation does not cause hOSE cancer cells to undergo apoptosis.

Ovarian cancer cells were plated for 24h in media containing 10% FBS, then cultured up
to 48h with or without serum. DNA was isolated, 3' end-labelled with [a32P]-dCTP and
resolved by AGE. Panel A: representative autoradiogram showing the absence of DNA
ladders in OV2008 and C13 Panel B: representative autoradiogram showing the absence
of DNA ladders in A2780-s and A2780-cp. Panel C representative autoradiogram
showing the presence of DNA ladders upon serum withdrawal in rat granulosa cells. N=3
experiments.
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Figure 5. Phase contrast photomicrograph and assessment of nuclear morphology in
OV2008 and C13* hOSE cancer cells.

Representative photomicorgraphs showing general (Panel A; phase-contrast microscopy)
and nuclear (Panel B; Hoechst staining) morphology of CDDP-sensitive (OV2008) and -
resistant (C13*) ovarian epithelial cancer cells after treatment for 24h with CDDP (30
uM) or an agonistic Fas mAb (2 pg/ml). Black arrows (Panel A) shows cellular
blebbing and detachment and white arrows (Panel B) indicate nuclear fragmentation.
Magnification: 400X.
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appearance (Fig. 5A). Addition of CDDP (30 uM) or an agonistic monoclonal anti-Fas
antibody

(Fas mAb; 2 pug/ml), induced apoptotic features in OV2008 cells [ e.g. cell rounding
and shrinkage, formation of apoptotic bodies (Fig. 5A), nuclear condensation and nuclear
fragmention (Fig. 5B)]. In contrast, C13* cells did not undergo cellular or nuclear
morphological changes indicative of apoptosis in response to CDDP (Fig. SA and B). As
observed with OV2008, Fas activation with Fas mAb in its resistant variant resulted in
typical apoptotic cellular and nuclear morphology, although these changes were
somewhat less extensive as those observed in CDDP-treated OV2008 cells (Fig. SA and
B). The effects of CDDP on apoptosis in OV2008 was concentration- and time-
dependent (p<0.01). Whereas C13* cells failed to respond to CDDP at concentrations
as high as 30uM, the LD50 of this chemotherapeutic agent in the sensitive cells was
about 10uM (Fig. 6A). In addition, whereas as much as 85% of the sensitive cells were
apoptotic in a 24h culture with CDDP (30uM), minimal cell death (<2%) was evident in
the resistant cells under identical conditions (Fig. 6B). These studies confirm earlier
findings that CDDP induces cell death in ovarian cancer cells through apoptosis and
suggests that Fas and its postreceptor events are functional but suboptimal in both CDDP-
sensitive and -resistant cells.

High concentrations of CDDP can induce necrosis in tissue culture systems
(Lieberthel et al 1996; Guchelaar et al 1998). Cell swelling and bursting are features of
necrosis and will lead to cell ioss (Lieberthel et al 1996). Since the assessement of
apoptosis used in this study is based on cell number OV2008 cells were counted after
CDDP treatment to determine if there was a significant loss of cells due to the treatment.
CDDP did not significantly affect the cell number until a concentration of 30 uM (Fig.
7A). At this concentration, the cell number significantly dropped by 20 % (p<0.05;
Fig.7B). Treatment of OV2008 with agonist Fas Ab did not significantly affect cell
number after 24h (Fig. 7B).
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Figure 6. Concentration- and time-dependent apoptosis after CDDP treatment.

CDDP-induced apoptosis in CDDP-sensitive (OV2008) but not -resistant (C13*) human
ovarian epithelial cancer cells. Panel A, concentration-response study during a 24h
culture period in the presence of various concentrations (0-30uM) of CDDP. Panel B,
time-course study on the incidence of apoptosis in OV2008 ( JandC13*(_ _ )
cultured in the absence (O) and presence (@) of CDDP (30uM) for a 24h period. Nuclear
morphology was detected by Hoechst stain and those cells displaying nuclear
condensation and fragmentation were counted as apoptotic. Data represent mean + SEM
of three ( Panel B) or four (Panel A) experiments. *p<0.05, **p<0.01 (compared to
respective control).
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Figure 7. Effect of CDDP and agonistic Fas Ab on cell number in OV2008 hOSE
cancer cells.

Concentration-dependent effect of CDDP (A) and agonistic Fas Ab (B) on cell number in
OV2008 cells. CDDP (0-30 uM; A) or agonistic Fas Ab (2 ug/ml; B) was added to
OV2008 cultures for 24h. Cells were then trypsinized and counted using a
hemocytometer. N=3 experiments; * p<0.05 (compared to control).
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Figure 8. Basal Levels of Fas and FasL in OV2008 (sensitive) and C13*(resistant)
hOSE Cancer Cells.

After plating, hOSE cancer cells were cultured in the presence of 10% FBS for 24h.
Total cell lysates were sonciated, resolved on SDS-PAGE, electrotransferred onto
nitrocellulose membrane and subjected to ECL. 30 pg of total protein was loaded onto
each lane. Monoclonal human anti-Fas and anti-FasL Abs were used. Data expressed as
mean % of OV2008 cells + SEM; N=3 experiments.
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14.3 CDDP Increased Fas and FasL Protein Contents

Fas and FasL protein expression was detectable by Western analysis in both OV2008 and
C13*. Basal levels of these proteins were not significantly different between the CDDP-
resistant and -sensitive cells (Fig 8). To establish the role and regulation of Fas and
FasL in CDDP-induced apoptosis and their possible involvement in chemoresistance,
OV2008 and C13* were cultured in the absence and presence of CDDP (10-30uM) and
its influence on Fas and FasL expression and apoptosis was assessed. In the absence of
cisplatin, Fas and FasL were present in both cell types as 45 and 37 kDa proteins,
respectively. CDDP significantly increased cell-associated Fas protein content in both
OV2008 and CI3* in a concentration-dependent manner (Fig. 9). Whereas cell-
associated FasL expression in the sensitive cells was also increased after CDDP
treatment, there was no significant change in the protein content of the ligand in the
resistant ones even at concentrations up to 30uM (Fig. 9). The increases in FasL and Fas
protein content, in OV2008, were time-dependent with significant effects of CDDP
(20uM and 30uM) observable at 12 and 24h, respectively (p<0.05; Fig. 10 A and 10 A).
In contrast, the increase in Fas protein content in C13* cells in the presence of a high
CDDP concentration (30uM) was transient, while Fas content in the presence of a lower
concentration of the anti-cancer agent (20uM) were related to the duration of the culture
period (p<0.01; 10 B). The levels of cell-associated FasL were not significantly affected
by the presence of CDDP, irrespective of its concentration or the duration of culture
period (p>0.05; Fig. 11 B). Jurkat cells were used as a positive control for human Fas

protein and human endothelial cells were used as a positive control for human FasL

protein.

14.4 CDDP increased sFasL levels in OV2008 but not C13* hOSE cancer cell
cultures
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Figure 9. Concentration dependent effect of CDDP on Fas and FasL protein
contents.

Western analyses illustrating cell-associated Fas and FasL levels in CDDP-sensitive
(OV2008) and -resistant (C13*) cells cultured for 24h in the presence of different
concentrations of CDDP. Panel A illustrates representative filters and Panel B indicates
changes in protein content as analyzed densitometrically. Data is expressed as mean % of
control + SEM; N=3 experiments. *p<0.05 (compared to control).
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Figure 10. Time-dependent effect of CDDP on Fas protein levels in OV2008 and
C13* hOSE cancer cells.

Temporal changes in cell-associated Fas content in OV2008 (A) and C13* (B) cells
cultured in the absence and presence of CDDP (20 and 30 uM). Bottom panels indicate
changes in protein content as analyzed densitometrically. Data is expressed as mean % of
6h control + SEM; N=3 experiments. *p<0.05, **p<0.01 (compared to 6h-control)



- -3
o O
N A
A S
—_ .m k=
£
§ 6 &
O 00 -
+ Pe
H |
F \D
T T T
S S = ©
(a4 (o] —
(jonuos yg jo ;)

Se,] PARIDOSSY-[[9D)

*

* — ‘..lv. ._. - M.
) |
!
.. |
!
!
|
| _ o0
_ 00
f
!
1
f
§
|
#—g—1 @M L
" !
ool
L
i
,
\ Y
B *L F - \O
I T T
g g§ 8 °
[ag] o —
(fonuods 49 jo o4)

SE,| PAILIDOSSY/-[[9)

Duration of culture (h)



83

Figure 11. Time-dependent effect of CDDP on FasL protein levels in OV2008 and
C13* hOSE cancer cells

Temporal changes in cell-associated FasL contents in OV2008 (A) and C13* (B) cells
cultured in the absence and presence of CDDP (20 and 30uM). Botiom panels indicate
changes in protein content as analyzed densitometrically. Data is expressed as mean % of
6h control + SEM; N=3 experiments. *p<0.05, **p<0.01 (compared to 6h-control)
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It has been demonstrated that certain disease states are associated with altered levels of
soluble FasL in tissue and serum (Tanaka et al 1996). If FasL is solublized, it can act in
a autocrine and paracrine manner to induce cell death. To determine if soluble FasL is
indeed present and its expression regulated in hOSE cell cultures by CDDP and related to
CDDP sensitivity, the effects of CDDP on the levels of FasL in the media of OV2008
and C13 cultures were compared (Fig. 12). As observed with the changes in cell-
associated FasL content in both sensitive and resistant celis, CDDP significantly induced
a concentration-dependent increase in the levels of soluble FasL (37kDa) in OV2008
(p<0.001; Fig. 12 A and B) but not C13* cells (p>0.05; Fig. 12 A and B). At 30 uM
CDDP, the levels of soluble FasL in the resistant variant were only about 20% of those
in the sensitive cells (p<0.001; Fig. 12 B). To clarify whether the FasL present in the
spent media could have been associated with cellular debris release during cell culture or
harvest, FasL levels in spent media which underwent filtration only and filtration
following ultracentrifugation were compared. There was no significant difference
between the two methods (p>0.05; Fig. 13), suggesting that filtration alone was sufficient
in removing possible debris from the medium. As shown in Fig 12C, the levels of Fas in
the media were low yet similar between OV2008 and C13* hOSE cancer cells, and
remained unchanged with CDDP treatment. These results suggest that chemoresistance
may be associated with an inability of the cells to express and release significant
amounts of FasL in response to CDDP.

To assess whether the FasL detected in the spent media from OV2008 cultures
treated with CDDP was biologically active and able to induce cell death, concentrated
spent media containing FasL were added to C13* cell cultures. Although most of the
CDDP in the media would have been filtered out during the concentration process, C13*
cells (instead of OV2008 cells) were used as a test cell since trace amounts of CDDP in
the concentrated media alone would not have caused apoptosis in the C13* cells. In

addition, C13* and OV2008 contain similar amounts of Fas (Figure 8) and are equally
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Figure 12. Concentration-dependent effects of CDDP on soluble FasL and Fas
protein levels in hOSE cancer cells cultures.

Western blot showing CDDPmarkedly increased immunoreactive FasL levels in spent
media of CDDP-sensitive (OV2008) but not -resistant ( C13*) cells cultured for 24h.
Panel A illustrates representative filters and Panel B indicates changes in protein content
as analyzed densitometrically. Panel C illustrates representative filters of Fas receptor
detected in the media after CDDP treatment. Data are expressed as a percentage of
sensitive cells cultured in the presence of 30 uM CDDP and represent mean + SEM of
three experiments. *p<0.05; **p<0.01 (compared to OV2008 at 30uM cisplatin).
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Figure 13. Filtration vs Filtration and Ultracentrifugation on FasL in spent media
OV2008 cultures

Spent media from CDDP (30uM) treated OV2008 cell cultures was subject to filtration
alone or filtration followed by ultracentrifugation (393, 201 x g; 30 min). The media was
concentrated (48x) using a centricon spin column and the protein was subject to Western
analysis. Panel A illustrates representative filters and Panel B indicates changes in
protein content as analyzed densitometrically. Data are expresssed as fold change from

control + SEM; N=3 experiments.
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responsive to agonist Fas Ab (Fig.16). Concentrated (48X) media from OV2008 was
able to significantly increase cell death in C13* cells from 2.1% * 0.46 to 9.4 % *+ 1.2
(p<0.001; Fig. 14). Addition of the antagonistic Ab significantly reduced the number of

cells undergoing spent medium-induced apoptosis by 56% (p<0.05; Fig. 14). The
presence of FasL in the concentrated media did not significantly increase apoptosis
induced by the addition of agonistic Fas mAb (Fig. 14). These findings indicate that one
of the death factors in the spent media was indeed FasL and that it in part contributes to

CDDP-induced apoptosis in the ovarian cancer cells.

14.5 The effects of CDDP on Fas, FasL, sFas in A2780-s and A2780-cp hOSE
cancer cells

To ascertain if the defective regulation of the Fas/FasL system in C13* cells in
response to CDDP is not unique to this ovarian cancer cell line, another CDDP-sensitive
(A2780-s) and -resistant (A2780-cp) hOSE cancer cell lines were examined. CDDP
(30uM) significantly increased cell-associated Fas and FasL (p<0.05; Fig. 15a) and
soluble FasL (p<0.01; Fig. 15c) contents in A2780-s but not in its resistant variant
(A2780-cp; p>0.05; Fig. 15 a,b and c) during a 24h culture period. Lower concentrations
of CDDP were effective in inducing Fas expression in A2780-s, with 20 uM CDDP Fas
content was 1.52 + 0.10 fold over control (p<0.05; n=3). However, concentrations of
CDDP below 30 uM were not effective in inducing Fas expression in A2780-cp cells,
with 3, 10 and 20 uM CDDP, Fas content was 1.02 £ 0.17, 1.0 + 0.10 and 0.89 + 0.08

fold of control, respectively (p>0.05; n=3). Although apoptosis in the resistant cells was
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Figure 14. Assessment of sFasL activity on C13* hOSE cancer cells

Media from OV2008 cells treated with CDDP (30 uM) for 24h was filtered and
concentrated (48X) using a centricon spin column and added to subconfluent cultures of
C13* cells in serum-free media for 24h either alone, in the presence of agonistic Fas mAb
(2ug/ml) or after pretreatment (6h) with an antagonistic Fas mAb (10ug/ml). N=3
experiments; ** p<0.001 (compared to control) and * p<0.05 (compared to spent media)
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Figure 15. Effects of CDDP on Fas, FasL and sFasL in A2780-s and A2780-cp
hOSE cancer cells.

Western blot illustrating differential effects of CDDP (30uM) on cell-associated Fas
(Panel A ) and FasL (Panel B), soluble FasL (Panel C) protein contents and apoptosis
(Panel D) in a CDDP-sensitive (A2780-s) and -resistant (A2780-cp) cell line for 24h.
Each panel shows a representative filter (top) and mean changes in protein content as
analyzed densitometrically (bottom). Data represent mean + SEM of three experiments.
*p<0.05, **p<0.01 (compared to respective control).
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significantly increased (p<G05) in the presence of CDDP, the extent was minimal

compared to that observed in the sensitive cells (Fig 15d).

14.6 CDDP and agonistic Fas Ab exhibit a synergistic effect on apopotosis

To further investigate the role of Fas in CDDP-induced apoptosis in ovarian
cancer cells and whether inadequate expression and release of sFasL in the resistant cells
(C13*) following CDDP treatment could be contributing to their overall chemo-
resistance, OV2008 and C13* cells were challenged with different concentrations of an
agonistic Fas Ab (0-2.0 pug/ml; to mimick FasL). There was a concentration-dependent
increase in apoptosis in both OV2008 and C13* after activation of the Fas receptor
(p<0.01; Fig. 16). The level of cell death induced by the agonistic Fas Ab was not
significantly different between the two cells lines (p>005). This is consistent with our
earlier data indicating that both cell types contain similar levels of the Fas receptor
protein (Fig.8). Since both cell types are equally responsive to agonist Fas Ab challenge,
the postreceptor signaling events are intact in both CDDP-sensitive and -resistant cells.
Analysis of variance indicates that there was a significant interaction between CDDP and
Fas Ab effects in the sensitive cells, brought about by a greater cell kill effect with this
combination treatment (p<0.05; Fig16). There was a higher incidence of apoptosis in the
C13* cell line with the combination of CDDP and agonist Ab (p<0.001) than either one
alone. The observed increase in cell death with the combination of CDDP and Fas mAb

was significantly higher in OV2008 than in C13* (p<0.01; Fig. 16).

14.7 CDDP-induced apoptosis is accompanied by caspase-8 cleavage
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Figure 16. Effects of CDDP and Agonistic Fas Ab on apoptosis in OV2008 and
C13* hOSE cancer cells.

Influence of Fas mAb (0-2ug/ml) and CDDP (10uM), alone or in combination, on the
incidence of apoptosis in OV2008 and C13* during a 24h culture. (__), OV2008 cells; (-
--), C13* cells; (O), in the absence of CDDP; (@), in the presence of CDDP. Data
represent mean £ SEM of three experiments. * p<0.05 **p<0.01 ***p<0.001 (compared
to respective control); +p<0.05 +++p<0.001 (compared to cells cultured in the absence of

CDDP and at same Fas mAb concentration)
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If CDDP induced apoptosis involves the interaction of Fas/FasL, cleavage of
caspase-8 should be detectable after CDDP challenge. CDDP treatment results in the
cleavage of caspase-8 into its active pl8 fragment in OV2008 cells, with maximal
cleavage observable at 10uM (Fig. 17). In the presence of CDDP (30uM), the
prodomain of caspase-8 decreased significantly in the 24h cultures of OV2008 (p<0.01;
Fig. 17 and 18). The appearance of a p43 cleavage product appeared after 12h of culture
(p<0.01) and was maximal at 24h. A p18 product was also observed in OV2008 at 24h
(Fig. 18). There was no detectable decrease in the pro-caspase-8 protein and appearance
of cleavage products with duration of culture of C13* cells (Fig. 17 and 18).

14.8 CDDP-induced apoptosis is accompanied by caspase-3 cleavage in OV2008
hOSE cancer cells.

Fas activation results in caspase-8 cleavage and activation which then leads to
caspase-3 cleavage and activation (Scaffidi et al 1998). It has recently been demonstrated
that caspase-3 can be activated in response to DNA-damage (Fuch et al 1997). In order to
determine if caspase-3 is activated after CDDP treatment in OV2008 and C13*, Western
analyses were performed to assess the influence of CDDP on the cellular contents of
caspase-3 (p32) and its active cleavage products p20 and pl7. CDDP decreased caspase-
3 protein content (p32) in OV2008 (p<0.05; Fig 20 and 21) but not in C13* (Fig 20 and
22) in a concentration- and time-dependent manner. Coincidently, the levels of the
active cleavage products of caspase-3, pl7 and p20 were also increased (p<0.0001 for
both fragments; Fig. 20 and 21). There were no detectable caspase-3 cleavage fragments
in C13* cells after CDDP treatment irrespective of the duration of culture (Fig. 20 and
22) although the presence of these active fragments was evident in OV2008 cells at 12h

of culture and to a greater extent at 24h (p<0.05; Fig. 21).
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Figure 17. Effect of different concentrations of CDDP on the cleavage of caspase-8 in
OV2008 and C13* hOSE cancer ceils.

Cells were cultured with CDDP (0-30 uM) for 24 h. Total proteins were extracted and
resolved by SDS-PAGE. ECL was performed using monclonal human anti-caspase-8 Ab
that recognizes caspase-8 and its cleavage products (except p10). Panel A, representative
filters and Panel B corresponding densitometric analysis of protein fragments. Data are
expressed as mean % of control (Panel B) and as % of 30 uM CDDP (Panels Cand D) +
SEM; N=3 experiments. * p<0.05.
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Figure 18. Time Course of cleavage of caspase-8 in OV2008 hOSE cancer cells
induced by CDDP.

CDDP (30uM) was added to OV2008 cultures for up to 24h. Total cell protein was
resolved on SDS-PAGE and electrotransferred onto nitrocellulose. ECL was performed
using a monclonal human anti-caspase-8 Ab which recognizes caspase-8 (p55) and its
cleavage products (p43/41 and pl8). Panel A, representative filter; Panel B,
densitometric analysis. Data are expressed as a mean % of 6h control + SEM; N=3
experiments. ** p<0.01. (compared to respective control)
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Figure 19. Lack of effect of CDDP on caspase-8 cleavage in C13* hOSE cancer cells.

CDDP (30uM) was added to C13* cultures for up to 24h. Total cell protein was resolved
on SDS-PAGE and electrotransferred onto nitrocellulose. ECL was performed using a
monclonal human anti-caspase-8 Ab which recognizes caspase-8 (p55) and its cleavage
products (p43/41 and p18). Panel A, representative filter; Panel B, densitometric analysis.
Data are expressed as a mean % of 6h control + SEM; N=3 experiments.
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Figure 20. Concentration-dependent effects of CDDP on caspase-3 cleavage in
OV2008 and C13* hOSE cancer cells.

CDDP (10-20 uM) was added to hOSE cancer cultures for 24h. Total cell protein was
resolved on SDS-PAGE and electrotransferred onto nitrocellulose. ECL was performed
using a polyclonal human anti-caspase-3 Ab that recognizes caspase-3 (p32) and its
cleavage products (p20 and p18). Panel A, representative filter; Panel B, densitometric
analysis. Data are expressed as a mean % of control (Panel B) or 30 uM CDDP group
(Panels C and D) + SEM; N=3 experiments. * p<0.05.
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Figure 21. Temporal effects of CDDP on caspase-3 cleavage in OV2008 hOSE
Cancer cells.

CDDP (30uM) was added to OV2008 cultures for up to 24h. Total cell protein was
resolved on SDS-PAGE and electrotransferred onto nitrocellulose. ECL was performed
using a polycolonal human anti-caspase-3 Ab that recognizes caspase-3 (p32) and its
cleavage products (p20/17). Panel A, representative filter Panels B-D, densitometric
analysis. Data are expressed as a mean % of 6h control (Panel B) or of CDDP group at
24 h (Panels C and D) + SEM; N=3 experiments. * p<0.05.
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Figure 22. Lack of effect of CDDP on caspase-3 cleavage in the CDDP-resistant cell
line (C13%*).

CDDP (30uM) was added to C13* cultures for up to 24h. Total cell protein was resolved
on SDS-PAGE and electrotransferred onto nitrocellulose. ECL was performed using a
poiyclonal human anti-caspase-3 Ab that recognizes caspase-3 (p32) and its cleavage
products (p20/17). Panel A, representative filter; Panel B, densitometric analysis. Data
are expressed as mean % of 6h control + SEM; N=3 experiments.
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14.9  Antagonistic Fas Ab partially blocked apoptosis induced by CDDP.

To directly answer the question of whether or not the Fas/FasL system plays a key
role in CDDP-induced cell death, the influence of Fas receptor blockade with an
antagonistic Fas Ab on CDDP-induced apoptosis was studied. The specificity and
concentration of the Ab were determined by its ability to block apoptosis induced by a
Fas agonistic Ab at a maximally effective concentration. OV2008 and C13* were
preincubated with varying concentrations (0.1-10 pg/ml) of antagonistic Ab for 6 h,
afterwhich agonistic Fas Ab was added for a further 24 h. The levels of apoptosis for the
control groups (i.e. IgG alone and IgM plus IgG) were 3.2 % + 0.43 and 3.4 % + 0.45,
respectively for OV20008 and 1.7% * 0.28 and 1.98% £ 0.18, respectively for C13*
(Fig.23 A and B). The presence of 1-10 pg/ml of antagonistic Fas Ab effectively blocked
apoptosis induced by the agonistic Ab [2 ug/ml, previously determined to be maximal
stimulatory concentration (p<0.001; Fig. 23 A and B)] in both OV2008 and C13*. Since
the presence of 10 pg/ml of antagonistic Ab reduced apoptosis by 80% in OV2008 and
C13*, this concentration was used in subsequent studies.

The cleavage of caspase-3 occurs after Fas activation and caspase-3 inhibitors
prevent Fas- induced cell death (Schlegel et al 1996; Tolomeo et al 1998). In the
presence of Fas agonistic Ab, caspase-3 was cleaved into its p20/17 fragment (Fig. 24) in
OV2008 and C13*. This effect was blocked completely by addition of Fas antagonistic
Ab, which further indicates specificity for the Fas receptor and that 10 pg/ml of
antagonistic Ab was sufficient to block the receptors.

To determine if the extent to which the Fas system is involved in CDDP induced
apoptosis, OV2008 cells were preincubated with antagonistic Fas Ab or IgG for 6h and
subsequently cultured a further 24h in the absence or presence (10-30 uM) of CDDP with

or without the addition of another 10 pg/ml of antagonistic Ab. The second addition of
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Figure 23. Antagonistic Fas Ab effectively blocked apoptosis induced by agonistic
Fas Ab in OV2008 and C13* hOSE cancer cells.

Varying concentrations of antagonistic Fas or IgG (0.1-10 pg/ml) were added to OV2008
(Panel A) and C13* (Panel B) cultures for 12h, afterwhich agonistic Fas Ab (2 pg/ml)
was added to the culture wells for a further 24h. Control lanes were IgG alone or IgG
plus IgM (not shown in figure). Apoptosis was determined by Hoechst nuclear staining
as described previously. Data are expressed as mean % + SEM; N=3 experiments; ***
p<0.001 (compared to IgG at identical concentrations).
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Figure 24. Antagonistic Fas Ab effectively blocked caspase-3 cleavage induced by
agonistic Fas Ab in OV2008 and C13* hOSE cancer cells.

Antagonistic Fas Ab or IgG (10 pg/ml) was added to OV2008 and C13* cultures for 12h,

afterwhich agonistic Fas Ab or IgM (2 pg/ml) was added to the culture wells for a further
24h. Control lanes were IgG and IgM. Proteins were extracted and resolved on SDS-
PAGE. A polyclonal caspase-3 Ab was used for the Western analysis. Data are
expressed as fold change from control + SEM; N=3 experiments; * p<0.05, ** p<0.01

(compared to respective control).
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antagonistic Ab was done in order to test whether there may have been some degradation
of the antibody over the 6h incubation period. In both protocols, there was a significant
reduction of CDDP-induced apoptosis in the presence of the antagonistic Ab (p<0.001).
The two protocols were statistically compared using a two way ANOVA and no
significant difference between them was evident (p>0.05). This indicates that the
addition of a second 10 pg/ml of antagonistic Ab after the 6h preincubation period had no
additional effect in reducing the levels of apoptosis induced by CDDP. The data from the
two protocols were pooled and are presented in Fig. 25. Blockade of the Fas receptor
significantly reduced the levels of CDDP-induced apoptosis at 20 and 30 uM of CDDP
(p<0.05 and p<0.0001 respectively; Fig. 25). However, the reduction in cell death was
only 19.3% at 20uM CDDP and 20% at 30uM of CDDP (Fig. 25), suggesting that the
involvement of Fas and FasL interaction in CDDP-induced apoptosis, may play only a

relatively minor role.

14.10 The presence of Fas and FasL protein in Ovarian Carcinoma Tissue

To determine if Fas and FasL are expressed in ovarian carcinomas, Fas and FasL
proteins were immunolocalized in human ovarian surface epithelial tumors using a
polyclonal anti- human Fas and FasL Ab, respectively. In addition, in situ TUNEL and
immunohistochemistry for PCNA were performed to examine if and how the expression
of Fas and FasL relates to epithelial cell apoptosis and/or proliferation. PCNA positive
cells were evident throughout the tumor section (Fig. 26 b; indicated in area within
circle). The number of TUNEL positive cells present in the tumor was minimal (Fig.
26 a) and the expression of Fas and FasL (Fig. 26 c and d) was inversely correlated with
the proliferative state of the cells. While there was a significant level of Fas in
proliferatively active cells (Fig. 26c; PCNA positive; indicated in area within circle), the

abundance of this cell death receptor was considerably higher in the non-
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Figure 25. Blockade of the Fas Receptor partially reduced CDDP-induced apoptosis
in OV2008 hOSE cancer cells.

OV2008 hOSE cancer cells were preincubated with 10pug/ml of antagonistic Ab or IgG in
the presence of varying concentrations of CDDP (0-30 uM) for 24h. Apoptosis was
detected by Hoechst staining as described previously. Data are expressed as mean % +
SEM; N=3 experiments; ** p<0.01, *** p<0.001 (compared to respective control).
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Figure 26. Detection of Fas/FasL, PCNA and cell death in human ovarian
carcinomas.
Representative photomicrographs illustrating in situ detection of cell death (TUNEL;

Panel a) and immunolocalization of PCNA (Panel b), Fas (Panel c) and FasL (Panel d) in
human ovarian surface epithelial tumor tissue. Magnification: 400X
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proliferative, non-apoptotic ones (Fig. 26c¢; indicated in area within square). Localization
of FasL within the tumors followed a similar distribution pattern as Fas but with a

relatively lower intensity compared to FasL negative regions.
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15.0 DISCUSSION

15.1 Experimental Model

Ovarian cell lines have been used extensively to investigate the molecular and
cellular biology of ovarian cancer cell fate and chemosensitivity (Gallion et al 1998). In
this regard, OV2008 and the resistant subclone C13* have been characterized by
Andrews and Howell (1990). The C13* cell line is 12-fold resistant to CDDP at the
ID50. Factors responsible for this resistance include a 2-fold decrease in CDDP
accumulation (Andrew and Howell, 1990), and a 4.5 fold enhancement of replicative
bypass, with no difference in levels of total DNA repair activity (Mamenta et al 1994).
Expression of DNA damage inducible genes gadd153, gadd45, p21 and c-jun have been
demonstrated at lethal doses of CDDP in both OV2008 and C13* cells and are correlated
with CDDP cytotoxcity (DelMastro et al 1997). In addition, the mitochondria appear
morphologically aberrant (Andrews and Albright 1992) and have variations in protein
kinase activity (Isonishi et al 1990; Isonishi et al 1992) and in cAMP signal transduction
pathways (Mann et al 1991). The CDDP resistance in this cell line requires the presence
of both chromosome 11 and 16 as deletion of these chromosomes resulted in the loss of
the resistant phenotype (Mirakhur et al 1996). Genes for MRP, LRP, MT-II, and ERCC4
are present on chromosome 16. OV2008 and C13* show no discernble differences in
MRP gene expression (Parekh and Simpkins 1996) and the roles of LRP, MT-II, and
ERCC4 have not been determined. Although GST-n and SSRP (two genes on
chromosome 11) have been implicated in CDDP resistance, GST-n does not appear to
play a role in the resistance in the C13* cells (Mirakhur et al 1996) and glutathione levels
are not significantly different between these sensitive OV2008 and resistant C13* cells

(Parekh and Simpkins 1996). The function of SSRP in OV2008 and Cl13*cells is not

known.
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The A2780-cp cell line is 5-fold resistant to CDDP at the IC50 (38.5 uM)
(Masuda et al 1990). Factors responsible for this resistance include a 2-fold increase in
repairing CDDP lesions than the sensitive parent, A2780-s (Masuda et al 1990). In
addition, A2780-cp cells contains elevated GSH levels (Louie et al 1985) and carry a
nonfunctional mutant p53 (Skilling et al 1996). The roles of MRP, LRP, MT-II,, ERCC4,
and SSRP in these cell lines have not been determined.

In the present studies, I have exploited the availability of two pairs of CDDP-
sensitive (OV2008 and A2780-s) and -resistant (C13* and A2780-cp, respectively) hOSE
cancer cell lines to investigate the role and regulation of the Fas/FasL system in the
control of apoptosis and chemoresistance. [ have demonstrated that the expression of Fas
is upregulated by CDDP in vitro in both the sensitive (OV2008 and A2780-s) and one
resistant variant (C13*) cell line. FasL upregulation is characteristic of the CDDP-
sensitive cells but not of resistant variants (C13* and A2780-cp), suggesting a possible
role of this death ligand in chemoresistance. Cell lines are convenient, readily available
and amenible to manipulations. However, a concern in using cell lines is that the cells
might have lost their original cellular characteristics with increased passages. For this
reason, future studies with primary cultures should be carried out to ascertain that the
responses observed with the cell lines are indeed reflective of those noted in primary
cultures. Ideally, in vivo surveys of the cellular and molecular markers should be
performed to determine the effect of CDDP on tumor progression and chemosensitivity.
During surgical debulking, tumors from patients prior to and following CDDP treatment
should be retreived for further studies. In this context, this prelimanary study has
demonstrated the presence of Fas and FasL protein in human ovarian carcinomas,
suggesting at least the presence of these proteins in these cell lines may be

physiologically significant.
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15.2 The influence of CDDP on Fas and FasL expression and apoptosis on
Ovarian cancer cells.

In the present studies, I have demonstrated that CDDP induces apoptosis in the
sensitive OV2008 and A2780-s cells in a concentration- and time-dependent manner.
There were no significant decreases in cell number during CDDP treatment except at a
high concentration (30uM). It has been demonstrated that CDDP can induce necrosis in
addition to apoptosis at high concentrations (Lieberthal et al 1996). In certain
circumstances, loss of plasma membrane integrity can be a late feature of apoptosis. This
process, called 'apoptosis necrosis’, is usually seen whenever apoptotic cells escape
phagocytosis. This can occur in vivo, but is more commonly seen in vitro because of the
absence of phagocytic cells (Lieberthal et al 1996). Guchelaar et al (1998) demonstrated
that CDDP induced apoptosis in human leukemia cells and that necrosis also occured but
through an indirect pathway following the apoptotic state. Thus, the cell loss observed at
high concentrations of CDDP (30 puM) in this present study is most likely due to
secondary necrosis. There was no significant cell loss at lower concentrations, thus the
percentage of cell death measured was probably due to apoptosis and not necrosis.

Several DNA damaging agents, including CDDP, have been shown to upregulate
Fas and FasL expression in a variety of tumour cell types including ovarian cancer cells
(Friesen et al 1996; Uslu et al 1996; MUller et al 1997; Fuchs et al 1997; Villunger et al
1997; Tolomeo et al 1998; Kasibhatla et al 1998). In the present studies, I have
demonstrated that the presence of significant levels of Fas and FasL in both OV2008 and
A2780-s cells, and that CDDP treatment resulted in upregulation of these proteins, raising
the possibility of a paracrine role for FasL in CDDP-induced cell death.

Recent reports have demonstrated a soluble FasL (26 kDa) as a cleavage product
of a cell-associated FasL via the action of a metalloproteinase (Tanaka et al 1998). I was

unable to detect a 26kDa soluble FasL in cultures of our four ovarian cancer cell lines,



109

irrespective of the CDDP concentration and the duration of cultures. Instead, this study
demonstrates the presence of an immunoreactive FasL in the spent media of ovarian
cancer cell cultures with similar molecular size (37kDa) as that of the cell-associated
protein. While differences in cell type and/or glycosylation patterns could have
contributed to the large variations in the molecular size of FasL reported (Suda and
Nagata 1994; Tanaka et al 1995), it is unlikely that, based on it molecular size, the
immunoreactive soluble FasL in the present studies is a cleaved form of the cell
associated protein. While the mechanism of release of this membrane protein after
synthesis is unclear, its presence in the spent media could not be attributed to the presence
of cellular debris containing FasL, as (a) its level was unaffected by attempts to further
purify the media by ultracentrifugation, (b) the lack of an increase in an immunoreactive
membrane protein (e.g. Fas) in the media even with increasing concentration of CDDP,
and (c) it was cell type-specific (sensitive but not resistant cells).

The activation of caspases, specifically of caspase-8 and -3 in Fas-mediated and
of caspase-3 in drug-induced apoptosis, has been demonstrated in many cell types
(Friesen et al 1997; Fulda et al 1997; Fuchs et al 1997; Gamen et al 1997; Eischen et al
1997). Some authors report that specific inhibitors of caspase-3 can inhibit Fas-,
irradiation- and drug- induced apoptosis (Fuchs et al 1997), or just nuclear apoptosis
(Gamen et al 1997). Others, however, reported that while general caspase inhibitors can
block drug-mediated apoptosis, specific caspase-3 inhibitors have little effect on the
induction of apoptosis (Tolomeo et al 1998). It seems that caspases are essential for
drug-induced apoptosis, but no one caspase is crucial as redundancy in the caspase
system exists. As a result, one inactivating mutation in a caspase may not necessarily
lead to resistance to drug-induced apoptosis. Although inhibition of caspase-3 blocks
Fas-mediated apoptosis in many cell types (Tolmeo et al 1998), Fas apoptosis pathway
was not affected in most tissues in caspase-3 deficient mice, indicating that the

requirement of caspase-3 may be cell type specific (Kuida et al 1996). In the present
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study, CDDP caused the cleavage of caspase-3 and -8 into their active fragments in
OV2008 cells. Fas activation results in the cleavage of caspase-3 and presumably also of
caspase-8 in both cell types, since the latter is required for Fas-mediated apoptosis. Time
course analysis of caspase-3 and -8 cleavage reveal that their activation occurs
approximately at 12h. It is difficult to assess whether caspase-8 activation occurs before
that of caspase-3, which would suggest that CDDP activation of caspase-3 proceeds
through receptor mediated events. These findings are consistent with the notion that the
increased expression of Fas and FasL following CDDP is functional and downstream
caspases are activated. The cleavage of caspase-8 after CDDP exposure is intriguing,
since this protease is only known to be activated by Fas, TNF or DR3 receptors. Since
membrane association and oligomerization of caspase-8 are essential for its activation
(Martin et al 1998), the activation of caspase-8 by CDDP suggests a role for receptor

mediated apoptosis in CDDP cytotoxicity.

15.3  Possible Role of the Fas/FasL system in CDDP-induced apoptosis in hOSE
cancer cells.

Considerable controversy exists over the role of the Fas/FasL system in drug-
induced apoptosis. Fas-resistant T-cell leukemia and neuroblastoma were cross-resistant
to various drugs including CDDP (Cai et al 1996; Friesen et al 1996; Fulda et al 1997).
Blockade of the Fas receptor in T-cell leukemia, neuroblastoma, hepatoma cells and some
solid tumors attenuated DXR-, methotrexate- and CDDP-induced apoptosis (Friesen et al
1996; Muller et al 1996; Friesen et al 1997; Fulda et al 1998). Inhibition of NF-xB
activation and hence FasL expression in a Jurkat cells blocked apoptosis induced by
etoposide and teniposide (Kasibhatla et al 1998). However, others have found that
inhibiting Fas-induced apoptosis in T-cell leukemic cell lines did not cause resistance to

DNA-damaging agents (Gamen et al 1997; Eischen et al 1997; Tolomeo et al 1998). Fas-
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deficient thymocytes were still sensitive to DXR (Fuchs et al 1997) and blocking the Fas
pathway did not antagonize CEM cells to a variety of drugs including CDDP (Villunger
et al 1997). FADD-deficient cells were sensitive to adriamycin as were their wild-type
counterparts (Yeh et al 1998). In terms of ovarian cancer, cells (SKOV-3 and SiHa)
expressing the Fas receptor but resistant to agonistic Ab activation remain sensitive to
CDDP (Wakahara et al 1997), raising the possibility that the Fas signaling death pathway
may play a minimal role in CDDP-mediate apoptosis.

In the present studies, in addition to the increase in Fas and FasL expression in
sensitive ovarian cancer cells in response to CDDP, Fas activation by exogenous
agonistic Fas Ab alone leads to apoptosis, confirming that the receptor and post-receptor
signaling pathway are functional. Moreover, treatment of OV2008 cells with CDDP
markedly increased their responsiveness to agonistic Fas Ab in the induction of apoptosis.
These findings are consistent with our observation that CDDP upregulates the expression
of functional Fas in these cells, and that these two agents are acting via different but
complementary mechanisms (i.e. induction vs activation of Fas). Consistent with our
findings are the reports that the cytocidal effects of the Fas Ab and adriamycin or CDDP
are synergistic in a number of cell types (Wakahara et al 1997; Uslu et al 1996; Morimoto
et al 1993).

This study also demonstrated that addition of spent media to ovarian cancer cell
cultures significantly increased apoptosis which could be attenuated by pretreatment with
antagonistic Fas Ab. Furthermore, addition of spent media to cells in the presence of
maximal stimulatory concentration of agonistic Fas Ab failed to further increase
apoptosis induced by the Fas agonist, suggesting that the active element(s) in the spent
medium is functional and can activate the same death pathway as agonistic Fas Ab. Our
observations differ from the recent studies of Tanaka et al (1998), which showed low
activity of sFasL compared to its membrane bound form and suggested an antagonistic

action of this soluble protein on the cytotoxic effects of membrane bound FasL. However,
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in cell types that express ample amount of Fas, human sFasL alone is able to induce
apoptosis and does not effectively inhibit cell death induced by membrane bound FasL on
neighbouring cells (Perez et al 1990).

It has been suggested that mFasL is more potent because it causes prolonged
crosslinking of Fas, which can activate the apoptotic death pathway. Complexes of Fas
and sFasL, however, can be rapidly internalized, and this may prevent formation of the
death-inducing signaling complex. It is also possible that apoptosis induced by sFas may
have to be assessed at a longer time point. Although the presence of sFasL in the
supernatant was not determined, the ability of the antagonistic Fas Ab to only partially
inhibit apoptosis induced by the spent media, as observed in the present studies, suggest
that other apoptosis-inducing factors might have been present.

It is of interest to note from the present studies that blockade of the Fas receptor in
OV2008 cells with an antagonistic Fas Ab attenuated CDDP-induced apoptosis by 20 %,
revealing that the Fas system may have a relatively minor role in the induction of
apoptosis by this chemotherapeutic agent in this cell type. It seems that other
mechanisms may be involved, including those of other death receptors (i.c. DR5). In this
context, it has been demonstrated that DXR induces DRS gene expression and apoptosis
in breast cancer cells (Sheikh et al 1998). Non-receptor signaling may mediate CDDP-
induced apoptosis. It has been demonstrated that the [AP family modulates apoptotic
signalling by regulating caspase cleavage and activation (Deveraux et al 1997). In
addition, studies from our laboratory have demonstrated that downregulation of XIAP
with adenoviral antisense cDNA alone resulted in apoptosis (Tsang et al 1999). Thus
direct modulation of caspases may be important in CDDP cytotoxicity. The relative
importance of the Fas/ FasL system in the cell death process may be dependent on the

tumor type and cytotoxic agent in question.
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15.4 A Possible Role of the Fas/FasL System in Chemoresistance.

While the success of genotoxic anticancer therapy has been shown to be
dependent on effective activation of apoptosis in tumor cells in response to DNA
damage, genotypic alterations in human cancers that interfere with DNA damage-
induced apoptosis are believed to confer resistance to chemotherapeutic agents or
irradiation (Perego et al 1996). In the present studies, the concentrations of CDDP tested
failed to induce apoptosis in the resistant (C13*) cells, although 30 uM of CDDP induced
apoptosis minimally in the resistant (A2780-cp) variant. The C13* cells are known to
exhibit a CDDP accumulation defect approximately 2-3 fold relative to OV2008
(Zinkewich-Peotti and Andrews, 1992) and an enhanced replicative bypass (Mamenta et
al 1994). Our current findings indicate an ED50 of 10uM for the induction of apoptosis in
OV2008 cells. Thus, considering the difference in CDDP accumulation, the presence of
30uM CDDP in the resistant cells would have provided equivalent cellular concentration
of the agent necessary to induce apoptosis by >50%. In addition, the reported ID50 for
C13* is 37uM [based on standard growth inhibition assays (Delmastro et al 1997)],
suggesting that at 30uM, enough CDDP was present to cause DNA damage and inhibit
growth.

I have demonstrated that both OV2008 and C13* cells contained similar basal
levels of Fas protein, and that Fas contents increased in response to CDDP in both cell
types, suggesting that CDDP resistance could not be due to lack of its expression in C13*
cells. In addition, Fas activation by exogenous agonistic Fas Ab leads to apoptosis in
both CDDP-sensitive and -resistant cells, although not to the same extent as that observed
in the presence of CDDP, confirming that the receptor and post-receptor signaling
pathway is functional but suboptimal, and that defects may, in part, be proximal to Fas.
The present studies have shown that Fas increased transiently in the C13* cells, with

levels returning to control levels at the highest CDDP concentration tested. It is possible
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that the cells initially responded to CDDP with an increase in Fas, and with time and
higher concentrations, other mechanisms (e.g. Fas internalization) might be involved in
bringing CDDP-induced Fas protein content back to control levels and decreasing the
impact of CDDP. Recent studies by Uslu et al (1996) demonstrate that sub-toxic levels of
CDDP are capable of inducing Fas expression in the CDDP-resistant ovarian cancer cell
line (A2780-cp70), however Friesen et al (1997) reported that CDDP resistant
neuroblastoma cell line failed to respond to CDDP in terms of Fas expression, suggesting
that CDDP upregulation of Fas may be cell type specific.

Unlike their CDDP-sensitive cells, the resistant counterparts (C13* and A2780-
cp), while containing significant basal levels of FasL, failed to respond to the
chemotherapeutic agent in the expression of this protein, and to undergo apoptosis in
vitro. Although the actual increase in cell-associated FasL content in the sensitive hOSE
cancer cells (OV2008 and A2780-s) was minimal, that of the sFasL in the OV2008
cultures was almost 3-4 fold higher in the presence of 30 uM CDDP. In contrast, the
levels of sFasL in C13* cell cultures were only about 20% of those detected in the spent
media of OV2008 cells. Friesen et al (1997) also reported that doxorubicin (DXR)
resistant hepatoma cells failed to upregulate FasL in response to DXR, and cell surface
Fas expression was absent. In addition, a sub-line of Jurkat cells that developed resistance
in Fas- and TNF-induced apoptosis, also developed resistance to doxorubicin. There was
a complete loss of Fas and TNFR surface expression as well as caspase-3 expression
(Martinez-Lorenzo et al 1998). In the present study, CDDP treatment of resistant hOSE
cancer cells (C13*) did not result in the cleavage of caspase-8 and -3 into their active
fragments as seen in OV2008 cells. Fas activation results in the cleavage of caspase-3 in
both cell types, since the latter is required for Fas-mediated apoptosis. In this context, the
absence of drug-induced FasL and caspase activity have recently been reported in drug

resistant solid tumors (Fulda et al 1998). These findings suggest that failure to express
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adequate FasL in response to chemotherapeutic agents (e.g DXR and CDDP) may
contribute to their chemoresistance.

The p53 tumour suppresser gene is believed to be an important component of
DNA damage-induced apoptosis in many cancer cells and mutation of this gene is
believed to be associated with chemoresistance. Based on the ability of both OV2008
and C13* to express p53 responsive genes (thus indicative of the presence of a wild type
p53; DelMastro et al 1997), it is unlikely that the inability to express FasL and
chemoresistance noted in the C13* cells is a result of a defective p53. In contrast,
whereas Fas and FasL expression in A2780-s were upregulated by CDDP in vitro, the
expression of these cell death proteins in the resistant variant (A2780cp) was not affected
by the chemotherapeutic agent. Since the CDDP-resistant A2780-cp hOSE cancer cells,
but not its sensitive counterpart (A2780-s), have a mutated p53 (Skilling et al 1996), the
possibility of a role of mutated p53 in the regulation of these proteins cannot be excluded.
In addition, these results demonstrate that p5S3 may be required for Fas but not FasL
upregulation. These observations are consistent with earlier findings that upregulation of
Fas in hepatoma, non-small-cell lung adenocarcinoma and erythraleukemia cells in
response to a DNA-damaging agent, such as CDDP, is p53-dependent (Fuchs et al 1997;
Owen-Schaub et al 1995), whereas FasL regulation is not dependent on p53 status
(Muller et al 1997; Tolomeo et al 1998). In addition, studies from our laboratory have
demonstrated that overexpression of p53 in rat granulosa cells upregulated Fas but not
FasL expression and induced apoptosis which could be augmented by exogenous
agonistic Fas Ab (Kim et al 1999). Although there is no p53 consensus sequence in the
upstream region of Fas, these data strongly support the hypothesis that p53 may play a
key role in mediatng CDDP induced Fas expression hOSE cancer cells. In spite of the
above discussion, it should be noted that not all drug-mediated apoptosis is p53-
dependent (Tolomeo et al 1998). On the other hand, current evidence also supports the

notion that FasL expression can be regulated by the transcription factors NF-kB and AP-1
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which are activated in response to a variety of drugs (Kasibhatla et al 1998). Reactive
oxygen species (ROS), which are generated by some chemotherapeutic agents, can
regulate NF-xB and in turn FasL expression (Bauer et al 1998).

Dysregulation of the Fas and FasL cell death system has been suggested to
contribute to chemoresistance (Cai et al 1996). However, blockade of the Fas receptor in
OV2008 with an antagonistic Fas Ab but minimally (~20%) abbrogated CDDP-induced
apoptosis. This suggests that involvment of Fas/FasL in the cytotoxic action of CDDP
may be relatively minor. Thus, despite the apparent failure of CDDP to upregulate FasL
and sFasL in resistant cells (C13*), it is possible they are not major contributors to the
chemoresistance phenotype. In fact, use of receptor events to mediate the apoptotic
response to DNA damage seems to be an inefficient and roundabout mechanism.
However, upregulation of Fas and FasL in response to various cytotoxic agents is
commonly observed. It may be that the regulation of cell death via transcriptional control
is desirable to allow several checks and balances on the system. In addition, use of a cell
surface receptor/ligand pair to activate caspases might provide an additional fail-safe
mechanism to ensure that death occurs. Since cells that undergo cytotoxic stress are
likely to be in the environment of other cells facing the same stress, a cell that might
avoid undergoing apoptosis through various means may nevertheless undergo apoptosis
through interaction with a FasL expressing neighbor. In this way, possible escape from
DNA damage-induced apoptosis might be minimized.

Apoptosis induced via Fas is mediated primarily by caspase-8 activation of
downstream caspases and mitochondrial factors, though not essential, are believed to
amplify this pathway (Scaffidi et al 1998). This is consistent with the observation that
Bcl-2 is frequently not effective in blocking Fas-induced apoptosis. Bcl-2 expression can
effectively block CDDP-induced apoptosis in glioma, breast cancer and myeloid
leukemia cells (Weller et al 1995), suggesting a critical involvement of mitochondrial

factors (e.g. cyt ¢ and caspase-9) in drug-induced apoptosis. In fact, inactivation of
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caspase-9 and Apaf-1 disrupts p53-dependent apoptosis (Sorengo et al 1999). It is not
surprising that high levels of Bc/-2 can confer resistance to chemotherapeutic agents and
several resistant cells are known to overexpress Bcl-2 (Eliopoulos et al 1995). Fewer
studies have focused on apoptotic genes outside the p53 and Bc/-2 family. Activation of
caspases can occur by downregulation of IAPs in both OV2008 and C13* (Tsang et al
1999). More importantly, CDDP inhibited IAP expression and induced apoptosis in
sensitive but not resistant cells. Whereas CDDP alone failed to induce apoptosis in the
resistant cells, treatment of these cells with the chemotherapeutic agent significantly
augmented cell kill brought about by agonistic Fas Ab. This increase in cell death may
be a result of increased cell surface Fas expression brought about by the CDDP treatment.
In contrast to the CDDP-sensitive (OV2008) cells, there was a lack of synergy with the
combination of agonistic Fas Ab and CDDP treatment. This could be partly explained by
studies from our laboratory demonstrating that CDDP can downregulate XIAP
expression, thus allowing derepression of caspase-3 activity in OV2008 cells but not
C13* cells (Tsang et al 1999). This could account for the synergistic effect of CDDP and
agonistic Fas Ab on apoptosis in OV2008 cells but not C13* cells. In support of this,
overexpression of XIAP attenuated CDDP induced apoptosis, implicating XIAP as a
potential contributing factor in chemoresistance. It is likely that many redundant
pathways are intiated in response to DNA damage to ensure complete cell destruction and

avoid neoplastic transformation.

15.5 Conclusions

The model depicted in Figure 27 demonstrates that p53 (or some other factor) is
activated following CDDP-induced DNA damage and, through a yet unknown
mechanism, Fas expression is induced. FasL expression proceeds via NF-xkB and/or AP-

1 through ROS and/or the JNK pathway. Activation of the caspases can be through



118

receptor mediated signaling or by direct activation of mitochondrial factors. In fact, cyto
¢ release in drug-induced apoptosis may be caspase and receptor independent since a
general caspase inhibitor was able to block Bid cleavage by upstream caspases, but not
the release of cyt ¢ in etoposide treated Jurkat cells (Sun et al 1999).

Since Fas agonistic Abs can enhance CDDP-induced apoptosis in OV2008 and
C13*, as well as other hOSE cancer cells (Wakahara et al 1996; Uslu et al 1996), it may
be of benefit in the treatment of chemo-sensitive and -resistant ovarian cancers. The
presence of Fas and FasL in fresh human ovarian epithelial carcinomas clearly
demonstrates that these factors are not confined to the tissue culture conditions and may
be of clinical relevance. Localization of high levels of Fas in mainly non-proliferative
cells which were not apoptotic is intriguing and may represent a group of cells that are
waiting for an appropriate signal to activate cell death. FasL exhibited a similar
distribution pattern as Fas within the tumour and, in general, was in low abundance.
While Fas expression has been demonstrated in a variety of human tissues, the ability of
agonist Fas mAbD to activate Fas and induce apoptosis in vivo remains to be demonstrated.
However, intra-abdominal injection of FasL, reduced tumours in mice without systemic
toxicity (Rensing-Ehl et al 1995). Of all the Fas expressing tissues, the liver seems the
most susceptible, and agonistic Fas Ab injected into mice has caused extensive liver
destruction (Ogasawara et al 1993). Therefore to be effective in therapy, concentrations
of FasL that are effective yet not toxic would be used. As CDDP is known to be highly
toxic, it is tempting to suggest that a combination therapy involving these two agents may
allow maximal therapeutic efficiency with overall reduction in toxicity in the treatment of

CDDP- sensitive tumors. In addition, our in vitro data from the C13* cells also raise
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Figure 27. Model

Chemo-sensitive cells detect CDDP induced DNA damage by way of damage recognition
proteins (DRPs). In turn the p53 protein accumulates and can activate a number of
factors involved in cell cycle arrest and induction of apoptosis. Upregulation of Fas,
FasL and sFasL and subsequent activation of caspases can aid in CDDP induced cell
death. Upregulation of FasL can occur via the transcription factors NF-xB and/or AP-1.
In addition, non-receptor activation of caspase-3 can occur by downregulation of XIAP
and/or activation of mitochondrial factors (caspase-9 and Apaf-1 complex). Chemo-
resistant cells are often defective in p53 accumulation in response to DNA damage. This
can result in the absence of Fas receptor upregulation. In addition, these cells can be
defective in FasL and sFasL upregulation attenuating CDDP-induced apoptosis. Lack of
XIAP downregulation and inhibition of caspase-9 activation by Bc/-2 can all suppress
the activation of the effector caspase-3.



J0UISQR UOHIQIYU] =

IUIUOD Pasealda(] - uomquyu| = uonendos auarn)

UAIUOD PASBIIOU] - uodsun ] = adeAeapd 1£[001044

sabueyo seajonu
sisojdode jo aseyd J0)0a)3

A

sabuey? sesjonu
sisojdode jo aseyd 10323))3

Jsauy
8)942 jj09

Iselly |
819492 jjon

ST

t

Ents
.@ \ 7
4sdy

L]
L 4
*oaypyanun?®

sauyj 119>

gel ot E . dwos uj

uonejnbai-dn
ol ol sed/seq

X < qse4 Sed X s
“ e .Vo_e._cm «PoZUOWNY,, oS —P 158 «POZUBWINY,,
pet Iqnjos
upeidsip Jsed upejdsin sed

S]199 jue)sisal-oway) S|199 aAljISuUas-oway)



120

the question of a possible application of combined immunotherapy and chemotherapy
(i.e. Fas mAb plus CDDP) in the management of CDDP-resistant ovarian tumors, either
alone or as an adjunct to surgical reduction.

In summary, I have surveyed two sets of CDDP-sensitive and -resistant
ovarian epithelial cancer cell lines and have compared their responsiveness to CDDP in
terms of Fas, FasL and caspase expression as well as apoptosis. While chemoresistance
in one cell line appeared to be associated with its inability to upregulate FasL, defective
expression of both Fas and FasL was evident in the other resistant cell line. Although the
mechanism of chemoresistance in human ovarian cancer is unknown and may be
multifactorial, the present studies demonstrate that inadequate expression of FasL and
sFasL may attenuate the ability of the cells to undergo apoptosis in response to
chemotherapeutic agents. However, this study raises the possibility of exploiting the Fas
system as a potential target for adjunct therapy in the treatment of ovarian epithelial

cancer. More studies are required to determine if this concept is applicable to the in vivo

situation.
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