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Abstract

Investigation of monoclonal antibodies raised to human ovarian carcinoma cell
Ines
Allan Blacoe-Masterson

Monoclonal antibodies (MAb) were generated to multidrug resistant (MDR) and
sensitive variants of the ovarian carcinoma cell ine OAW42 which over-express the
MDR associated protein LRP/MVP MADb 3/B6 was raised to the intrinsically resistant
variant OAW42-SR Immunofluorescence and immunocytochemical analysis indicated
that the antigen detected by MAb 3/B6 was expressed primarily on the external surface
of the plasma membrane but was also found to be expressed 1n the cytoplasm of a series
of human MDR cell lines 3/B6 over-expression was assoctated primarily with cell lines
which expressed the LRP/MVP

3/B6 expression was studied 1n paraffin-embedded normal and malignant adult and in
foetal tumour tissue There was heterogeneous expression of the 3/B6 antigen and the
LRP/MVP 1n normal adult and foetal kidney Low-level LRP/MVP expression was
observed 1n 1/10 untreated malignant ovarian tumours while 3/B6 was absent In two
paired pre- and post-chemotherapy breast tumours sections, 3/B6 expression was
observed 1n the post-chemotherapy sections only LRP/MVP expression was also
observed 1n these sections

A new commercially available immunoprecipitation protocol based on biotin labelling
of cellular proteins was extensively modified and improved for this project The MAb
3/B6 was found to immunoprecipitate a 115 kDa un-glycosylated protein
Immunoprecipitation experiments with anti-rat vault polyclonal serum, N2 and purified
rat vault protems mdicated that MAb 3/B6 and LRP-56 (the standard MADb used to
detect LRP/MVP) did not cross-react Competitive 1mmunocytochemical studies
confirmed these results Incubation of OAW42-SR cells with MAb 3/B6 did not have
any effect on adriamycin drug accumulation or cellular proliferation

The anti-OAW42-SR MAb 5/C4 was also characterised by immunofluorescence and
immunocytochemistry Results from these studies revealed that this MAb recognised a
cytoplasmic antigen which migrated as 2 protein bands at 110 and 85 kDa by Western
Blotting Further Western Blotting analysis indicated that MAb 5/C4 did not cross react
with purified rat vault particles

The anti-OAW42-S MAb 3/E3 was partially characterised by immunofluorescence and
immunocytochemistry There did not appear to be any significant difference in
expression of this antigen m a panel of multidrug resistant cell lines It was not possible
to determine the molecular weigh of the antigen by Western Blotting or

immunoprecipitation  This suggested that the epitope was destroyed during sample
preparation
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multiple forms of these drug resistance proteins may exist, as 1s illustrated by the recent
discovery of a number of homologues of MRP (Kool et al, 1997) Clearly, MAb have a
role to play in the identification and charactenisation of potentially novel multidrug

resistance mechanisms

1 2. Monoclonal antibodies

The first attempt to 1solate homogenous antibodies was undertaken with B cell tumours
from BALB/c mice where mineral o1l was used to induce the tumour (Potter, 1972) The
cell line denved from this tumour was cloned and found to secrete a homogeneous
population of antibody, or monoclonal antibodies, (MAb, Honbata and Harris, 1972)
There was still a major drawback however in that antibodies with a predefined specificity
could not be produced This problem was solved by Kohler and Milstein (1975) when
non-secreting B cell tumour cells were fused with splenocytes immunised with a specific
protein In ammals, antibodies are synthesised primanly by termunally differentiated B-
lymphocytes but due to their imited capacity to grow n culture (not surviving for more
that a few days) they could not be used as a source of antibody By fusing these cells
with the immortalised myeloma cells, the antibody producing capabilities of the
splenocytes could be extended indefinitely From these initial studies, MAb technologies
have widened to include more sophiciated methods for MAb production These include
electrofusion, where high voltages are used to physically fuse B-and myeloma cells,
phage-display where short peptide sequences are expressed on the surface of M13 phage
In vitro immunisation procedures have become popular over the past number of years
This method allows the sensitisation of 1solated lymphocytes/splenocytes to antigen in
vitro The two major advantages for in vitro immumsation are the small amount of
antigen required (as little a 1 ng) and the lack of cellular regulation on the developing
immune response (Harlow and Lane, 1988) Other developments include advances i
chimeric and bispecific MAb, which have useful applications in the area of

immunotherapy and immunoscintigraphy



13 Multidrug resistance

Surgical excision has been the main mode of treatment of solid tumours The basis of
conventional cancer therapy 1s the treatment of local or regionalised cancer with surgery
and/or radiotherapy, and the adminstration of chemotherapy for dissemunated disease
(Nahaas 1997) With advances 1n the development of chemotherapeutic drugs and
treatment regimes, a number of cancers such as acute leukaemuas, lymphomas and
selected solid tumours (including testicular carcinomas and certain chddhood
malignancies) have an increasingly positive prognosis The development of new
combination therapies have increased the response of other malignancies such as ovarian,
lung and advanced breast cancer although these cancers remain essentially incurable (de

Vita, 1989, Izquierdo ef al , 1996b)

One of the major hmiting factors in chemotherapy 1s the existence of drug resistant cells
which are ntrinsically resistant or acquire resistance to chemotherapeutic drugs during
treatment (Bellamy Dalton and Dor, 1990, Gottesman, 1993) Anticancer chemotherapy
1s essentially based on the capacity to combine a cytotoxic mechamsm with a selective
action of a drug in order to distinguish tumour cells from host cells (Coop, 1993)
However during chemotherapy the cancer tissues, without modification of their anatomic
and structural features, are able to change their functional charactenstics, becoming
rapidly resistant to many structurally and functionally unrelated cytotoxic drugs, in this
way the selectivity of the drug completely vanishes (Clynes, 1993, Coop, 1993) This
phenomenon s termed multidrug resistance It 1s not known whether selection of pre-
existing subclones and/or mutation during chemotherapy has occurred 1n this acquired
resistance but recent evidence suggests that both modes of development may be 1n

operation 1n ovanan cancer (Moran ef al , 1997, Coley, 1997, Izquierdo ef al , 1996 a,
b)



Three main changes have been observed in cells that develop the multidrug resistant
phenotype,

(1) A decrease 1n cellular accumulation of cytotoxic drug

(1) Changes n cellular physiology affecting the structure of the plasma membrane,
cytosolic pH and the rates and extent of intracellular transport of membrane as well as
lysosomal structure and function (Cleary, 1997, Izquierdo, 1998, Gottesman, 1993)

(u1) Changes 1n activity or expression of certain cellular proteins

The dominant feature of MDR cell lines ts a decrease in accumulation of cytotoxic drugs
(Gottesman, 1993) In the laboratory, tumour cell line models have added to the
knowledge regarding the development of multidrug resistance These cell lines selected
for resistance to a single cytotoxic drug by repeated exposure to increasing
concentrations of drug often also display cross resistance to a range of structurally and
functionally distinct cytotoxic drugs including anthracychnes, wvinca alkalods,
epipodphylotoxins, taxanes and actynomycin D (Borst, 1991, Biedler, 1992, Clynes,
1993) Frequently the resistance observed in these cell lines 1s associated with the
expression of one or more cellular proteins including P-glycoprotein (Pgp), the multidrug
resistance related protein (MRP) and the lung resistance related human major vault
protemn (LRP/MVP) Over expression of other cellular proteins and mechanisms have
also been observed such as alterations in topoisomerase II, (Reviewed by Hoffman and
Mattern, 1993), alterations in the glutathionine system (Reviewed by Moscow and
Dixon, 1993), and over expression of the T antigen presenting protein (TAP) (Izquierdo
etal , 1997)



1.3.1 P-glycoprotein

Kessel et al (1968) first reported that anthracycline-drug selected cells appeared to
accumulate less drug than their unselected parental cell line Further studies indicated
that this reduction in cellular accumulation of cytotoxic drug was dependent on an ATP
activated pump which was later 1dentified and named P-glycoprotein (Pgp), (Dano, 1973,
Julanio and Ling, 1976) Since these imitial reports, a wide variety of multidrug resistant
cell ines have been established in order to study this phenomenon (Clynes, 1993,
Germann, 1996) It has been observed that many of these cell lines over-express Pgp

(Beck and Danles, 1991, Hill, 1993, Germann, 1996)

P-glycoprotein (Pgp) has been extensively characterised It 1s a 170 kDa glycoprotein
which 1s primarily associated with the plasma membrane It 1s comprised of 12
transmembrane domains and consists of a short highly charged cytoplasmic domain
followed by 3 additional membrane loops and a second cytoplasmic region (Chen ef al,
1986, Gros et al , 1986) It has been observed that P-glycoprotein comprises of 2 halves
of sitmilar structure, the 2 halves are connected by a linker region bridging the amino and
carboxy halves (van der Blink ef a/, 1987) The linker region that conveys drug
resistance contains sequences for c-AMP and c¢c-GMP dependent protein kinase

phosphorylation sites and appear to be important for Pgp function (Hsu ef al , 1989)

The functional domains of the Pgp molecule have been analysed by a series of genetic
and biochemical studies Photoaffimty labelling with drug and drug analogues have
identified a number of binding sites (Germann ef al , 1993 Germann ef al , 1996) The
results of these experiments also indicated a major role for the intracytoplasmic loop and
transmembrane loop in substrate specificity of the transporter (Bruggerman et a/, 1989,

1992, Safe et al , 1989, Busche ef al , 1989)

In humans, 2 closely related genes, mdr-1 and mdr-3 located on chromosome 17q,
encode highly homologous Pgp (Reviewed by Croop , 1993) A number of groups have
observed that the mdr-3 encoded gene product may not be associated with drug

resistance (Chuen ef al , 1986, Ueda et al, 1987, van der Bliek ef al , 1988) However,
5



recent evidence suggests that this may now be the case ( Smit et a/, 1993, Larkin ef al ,
1998a) The murine homologue, mdr-2 does, however appear, to be active in transport
and the secretion of phosphatidylcholine 1n bile (Smut ef a/, 1993, Borst and Schinkel,
1996, El Fannk et al, 1997) A possible physiological role for Pgp has been
demonstrated by Schinkel ef al (1994, 1995, 1997) where mdr-/ knock out mice which
appeared phenotypically normal, displayed increased sensitivities to wvinblastine,
dexamethasone and cyclosporin A This sensitivity was attributed to the absence of Pgp

1n the blood brain barrier

Resistance to the vinca alkalouds, anthracyclines, epipodophyllotoxins and taxanes
observed 1n human cancer cell lines 1s frequently caused by the over expression of Pgp
(Flens, 1997 PhD thesis) Transfection of the mdr-1 gene has shown that Pgp can
mediate drug resistance directly (Higgins, 1992, Gottesmann ef a/, 1993, Endicott and
Ling, 1989)

The discovery that Pgp belongs to a larger family of ATP-binding cassette transport
proteins, many of which have clear transport functions has given a better insight into the
normal physiological role of Pgp (Endicott and Ling, 1989, Gottesman, 1993) The
mammahan MDR gene family 1s related to the ATP-binding cassette (ABC) superfamily
of genes that encode a wide variety of proteins 1n various species This famuly of proteins
ts characterised by their 2 ATP-binding sites To date over 50 members have been
identified (Higgms, 1992) Significant degrees of homology have been demonstrated
between Pgp and the Hly B protein from Escherichia coli (Juranka ef al ; 1989) and the
leukotoxin secretion protein Ikt in Pasteurella Haemolyfica (Strathdee and Lo, 1989)
Sequence homology has also been observed in humans with the cystic fibrosis trans
membrane conductance regulator (CFTR) and the TAP 1, TAP 2 and PMP70 proteins
(Higgins, 1992, Leveille-Webster and Anas, 1995)

Human Pgp 1s predominantly expressed in the apical membranes of organs with
excretory functions (Georges ef al, 1990, van der Valk et al, 1990) It 1s though that
Pgp may play a role in the ehmination of exogenous toxins or their toxic metabolites
from the body (Hono ef al, 1989) High levels of mdr-1 mRNA expression has been

observed in the adrenal glands, kidney, liver, small intestine and colon, whereas, low
6



levels have been observed in most other tissues (Fojo et al, 1987)

Immunohistochemically, P-glycoprotein has been detected on the surface of cortical
cells, the luminal surface of the brush border of the proximal renal tubule, the luminal
surface of biliary hepatocytes and the mucosal surface of the columnar epithelial cells of
the small intestine (Thiebaut ez a/ , 1987, Moran ef a/ 1997b) In human tumours, mdr-1
expression has been observed 1n colon, renal carcinoma and adrenocortical heptoma, all
of which naturally express mdr-I (Goldstemn, 1989) Pgp expression has also been
reported 1n endometnial and gastric cancers (Schnuder ef al , 1993, Robey-Cafferty et af ,
1991), leukemias, lymphomas and some other tissues which do not normally express the
mdr-1 gene (Rischin and Ling, 1993, Goasguen ef al, 1993) Researchers have also
observed Pgp expression in breast and ovarian samples (Veneront ef al, 1994, Dixon et
al , 1992) Pgp expression 1s most commonly found in samples from patients who have
received chemotherapy than from untreated patients (Toffoli et al , 1992, Dalton et al ,
1989, Goldstein et al , 1989) Opmions differ as to the significance of Pgp expression as
a predictor of poor outcome and survival, many groups have used similar methods but
have achieved significantly different results (Bater ef a/, 1991, Chan ef al , 1991, Favrot
et al , 1991) The outcome of the St Jude workshop has suggested the use of more than

one antibody 1n an attempt to obtain more consistent results (Beck et al, 1996)
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The phystological role of MRP has yet to be defined but it has been observed that inside
out plasma-membrane vesicles 1solated from cells over-expressing MRP have shown an
increase 1n ATP dependant transport of Glutathione S conjugates including leukotriene
Cs4 (Jedhtschky et al, 1994, Leier et al , 1994) Photoaffinity labelling has confirmed
MRP as a leukotriene C, binding protein (Jedelischly ef al , 1994) Evidence that cancer
cells require glutathione for MRP drug transport has been demonstrated by the cellular

depletion of glutathione (Versanvoort et al , 1995, Zaman et al , 1995)

MRP mRNA has been detected 1n total RNA preparations of all human tissue and 1n cell
types from penpheral blood (Cole ef al , 1992, Zaman ef al, 1993) Flens ef al , (1994)
have described the localisation of MRP in normal human tissues Stainng (mainly
cytoplasmic) has been observed in several types of epithehia particularly lung, skin, large
and small intestine and heart muscle cells and macrophages This have concluded that the
presence of this protein in these tissues suggests that MRP function 1n normal tissues 1s

associated with the transport of natural xenobiotics (Flens 1994)
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research group have concluded that LRP gene amplification 1s not a common occurrence
and that other mechamsms such as transcriptional activation or mRNA stabihsation
appear to be more likely to be responsible for the over expression of the LRP gene
Recently Komarov ef al, (1997) have mapped the gene encoding protein kinase C (to
the short arm of chromosome 16) which has been shown to be involved in MDR by the
activation of the mdr-1 gene (Chambers ef a/, 1992) This mechanism may also be
involved i LRP gene activation Beck ef al, (1998), have recently demonstrated that the
expression of the protein kinase C 1sozyme n (eta) correlates with mdr-1 and LRP gene
expression 1n blast cells from adult AML patients, ascites from aspirates from ovanan

cancer patients and primary breast carcinoma

1333 LRP s the human major vault protemn (MVP)

Scheffer et al, (1995) have constructed an eukaryotic expression system for the
1solation of the LRP ¢cDNA Purified plasmuds containing ¢cDNA from a HT1080/DR4
cDNA library were transfected into MOP-8 mouse fibroblast cells Cells that transiently
expressed the LRP protein were selected by immunocytochemustry Successive
screenings produced a pure clone which was confirmed by immunoprecipitation
experiments with LRP-56 Sequence analysis has revealed that the LRP gene has a single
open reading frame of 2,688 base pairs coding for an 898 ammo acid protein with a
calculated molecular weight of 100 kDa A computer-based search of the LRP ¢cDNA
versus the gene bank library has revealed that LRP 1s the human homologue of the rat
major vault protemn (MVP, Kedersha and Rome 1986 a, b) Alignment of the deduced
ammo acid sequence reveals a 57% homology with the major vault protein from the

shme mould Dictyostelium discoideum and 87% homology with the MVP of Rattus

norvegicus

11



13 3 4 Vault proteins

Vault particles were ongmally 1solated by Kedersha and Rome (1986 (a) (b) as
contaminants in rat coated vesicle preparations Vault particles appeared a ovoid shapes
by scanning electron microscopy (EM), having a distinct morphology resembling the

multiple arches of cathedral vaults, hence the name (Figure 1 33 4)

Vault particles are large( nbonucleoproteins measuring 57 X 32 nM and have an
estimated molecular mass of 13 MDa, composing of the largest mbonucleoprotein
reported to date (being three times the size of a nbosome) Vault particles have a 2 fold
octagonal symmetry, each half of the structure can open out into a flower like structure
which contains eight petals surrounding a central barrel like ring (Kedersha and Rome,
1991) Vaults are composed (in rat liver) of a 104 kDa proten, the MVP, which
accounts for 70% of the total weight of the vault particle, and 3 minor protein species,

210, 192 and 55 kDa along with a small RNA molecule

Polyclonal antisera prepared against whole vault particles 1s largely specific for the MVP
(Kedersha et al, 1990), although there 1s an increased specificity for the minor species
with repeated booster injections with purified rat vault preparations Mobility studies
have shown similarities between coated vesicle components proteins and vault particles
However, when punfied coated vesicles are probed with anti-vault antisera no cross

reactivity 1s observed

Vaults have been 1solated from various species including the lower eukaryote
Dictyostelium, amphibians, avians and mammalian (rat, rabbit and cow) (Kedersha ef al,
1990) Vaults are most abundant in epithelial cells and macrophages EM reveals that
vaults from these diverse species are similar both in dimension, morphology and
polypeptide composition The MVP of 100 kDa predominated in most spectes This
evolutionary conservation 1s highlighted by the observation that polyclonal antisera raised

to rat vaults also recognise the MVP in these diverse species (Kedersha ef al, 1990)

12
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Figure 13 3.4.1 Proposed model for the folding of vault "flowers" Reproduced,
with permission, from Kedersha et al , (1991)

13



1.3.3 5 Vault associated RNA

The vault associated RNA (VRNA) has an unusual base composition of adenosine (12%),
guanosme (29 7%), undine (30 9%) and cyt:dine (24 4%) (Kedersha and Rome, 1991)
The vVRNA constitutes approximately 4 6% of the entire structure, the large size of the
vault particle requires that each one contains approximately 9 molecules of VRNA (a
minimum of 55 copies of the MVP, (p104) are also present) A structural role for the
vRNA seems unlikely, removal of the VRNA (by treatment of vaults with RNAse A)
revealed no differences in mobility on sucrose gradients or on more sensitive agarose
gels Similarly, there were no observed differences when vaults were viewed by EM
(Chugam ef al, 1993) vRNA has been found to vary in length and number between the
species (Kickhoefer er al, 1993) Mouse and rat vVRNA 1s 141 bases in length while
bullfrog and humans have 2 forms, 1n bullfrog the sequences are 89 and 94 bases while in
humans, the two forms are 80 and 95 bases long Despite the difference in length the
secondary structure 1s highly conserved across the species suggesting an important role
for vRNA 1n the function of vault particles (Kickhoefer ez al, 1998) One of the genes
coding for the human forms of VRNA, termed hgv 1 coding for the 95 base VRNA, has
recently been cloned and has been shown to be a single copy gene Chromosome
localisation 1s currently in progress (Kickhoefer et al, 1998, Rome, personal
communication), hgv 2, which codes for the 80 base species of VRNA 1s currently being

cloned

1 3 3 6 Characterisation of the MVP

Trypsin treatment of vault particles results in the exclusive cleavage of the MVP
resulting 1n alterations 1n structure as revealed by EM This change in vault morphology
1s consistent with the localisation of the MVP in the petals of the particles (Kedersha and
Rome, 1991) Two main changes are observed following trypsin treatment, vaults are
etther flattened and collapsed suggesting that the loss of the MVP results in the loss of
radial symmetry or, less frequently observed, a reduction in the diameter of the barrel
structure (Kedersha ef al, 1990) Studies by Vasu ef al, (1993, 1995) have shown that
the MVP may be important for normal physiological growth in the slime mould

Dictyostelium Dictyostelium contains 2 forms of the major vault protein, MVP A with a
14



molecular weight of 94 4 kDa and MVP B, 92 kDa MVP A was the first to be
sequenced (Vasu et al , 1993) followed by MVP B (Vasu ef al/ , 1995) Disruption of the
MVP A gene results in a mould which retains normal function, it 1s thought that MVP B
takes over the function of the A form However the morphology of these mutant vaults
was not characteristic of normal vault particles Simular results were obtained with MVP
B mutants Disruption of the MVP B gene in MVP A negative mutants results in
impeded growth under conditions of nutritional stress Vault particles i1solated from these
mutants are truncated but are still functional under normal growth conditions These
experiments have allowed the discovery of a third MVP protemn in Dictyostelum, MVP
C, which, like the A and B form in single mutation experiments, takes over the function
of the other two, although not to the same extent Kickhoefer ef al,(1994) have
sequenced the cDNA encoding the MVP from rat vaults and shown that 1t has a57%

homology with Dictyostelium vault particles

13 37 Cellular location of vault particles

The majority of vaults are located in the cytoplasm but a small fraction have been
localised to the nuclear envelope, more specifically the nuclear pore complex, NPC
(Chugant ef al , 1993) There 1s evidence to suggest that vault particles may constitute
the central plug of the NPC as vaults display structural similanties to the central plug of
the NPC

The NPC are octagonal organelles which span the inner and outer membranes of the
nuclear envelope providing a channel for nucleocytoplasmic transport (reviewed by
Gerace and Bourke, 1988, Feldherr and Akin, 1990) Inserted into the centre of the
channel 1s the central plug termed the NPC transporter consisting of 2 equivalent halves
each with an 8 fold symmetry (Akey and Glodfarb, 1989, Akey, 1990) with an estimated
molecular mass of 13 MDa (Reichelt ez a/ , 1990) The dimensions, mass and geometry
of the central plug of the NPC are comparable to those of the vault particle (Chugan e?
al, 1993) Western blotting and immunofluorescence studies have confirmed that vaults
are located within the NPC Immunogold EM on 1solated nucler from rat fibroblasts in
paraffin embedded rat liver has also demonstrated the presence of the vault particles 1n

the region of the NPC
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Vault particles have also been localised abundantly in cholinergic nerve terminals 1n close

proximity to synaptic vesicles (Herrmann, 1996)

133 8 Vault function

As yet no precise function can be assigned to vault particles The similarities in molecular
weight and the symmetry between rat vaults and the NPC (Section 13 3 7 ) suggest a
function i bi-directional nucleocytoplasmic transport (Chugam et al, 1993) The
association of vaults with coated pits indicates a possible role in vesicular transport of
substrates (Kedersha and Rome, 1986, Section 133 4) Recently, Herrman et a/,
(1996) have 1solated vault particles from the nerve terminals of Torpedo which also
points to a role 1n vesicular transport Vault particles have also been found at the ruffling
edges of rat fibroblasts and associated with components of the cytoskeletal system
suggesting a possible role in motility (Rome ef a/, 1991) Vaults have also been located
in the developing rat bramn and in the microgha (Chugani et al , 1993) A possible role in
the growth regulation of Dictyostelum 1s implied from studies by Vasu et al, (1993,
1995, Section 13 3 6)

Recently, Kickhofer er al, (1998), investigated the expression of vault particles in
multidrug resistant cells It has been demonstrated that intact vault particles always
associate with the pellet following centnfugation at 100,000g It has been shown
previously that the human MVP was upregulated in multidrug resistant cells (Scheper et
al , 1993) It was not certain whether this was an indication of total vault upregulation in
these cells Scheffer er al (1996) demonstrated that MVP cannot confer drug resistance
by itself) Kickhoefer et al , (1998) have clearly shown that there 1s a 15 % increase 1n
vault synthestis 1n multidrug resistant cells Probes dertved from hgvl ¢cDNA were used to
quantify the level of vault synthesis It has been observed that the amount of vVRNA
associated with vault particles 1s upregulated in the LRP/MVP over-expressing cell line
GLC4/ADR However, the total amount of vRNA 1s not increased There seems to a
pool of VRNA, a certain fraction of which appears to be associated with the vault particle

at any one time If the level of synthesis of intact vault particles 1s increased then there 1s
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also an increase 1n the portion of the VRNA pool which 1s vault associated (figure
133 81) This not only suggests a functional role for vRNA but also suggests a role for
vaults and therefore the MVP/LRP 1n drug resistance

Kickhoefer et al (1998)also observed that only hgvl was associated with vault particles
hgv2 1s usually found in the supernatant of the 100,000g spin whereas hgvl, like
LRP/MVP 1s associated with the pellet Hgvl 1s only found 1n the supernatants of cells
that do not express the LRP/MVP (Kickhoefer ef al, 1998, Rome, personal

communication)

Increase mm vault
particles

vRNA (free)

vRNA (vault associated)

Figure 1338 Location of cellular vRNA i MDR cell lines (adapted from
Kickhoefer et al , 1998)
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1339 Monoclonal antibody LRP-56 recognises the LRP

Kuiper et al , (1990) derived a series of sublines of which the SW1573/2R120/ subline
was characterised by moderate levels of resistance to doxorubicin, vincristine and
etoposide, reduced intracellular accumulation of drug and the absence of p-glycoprotein
expresston (Kuiper et al , 1990) Thus cell line was used to immumise BALB/c mice the
resulting hybridoma clones were screened against parental SW1573 (low expression of
LRP) and SW1573/2R120 (high expression of LRP) cells Clone 56 was chosen for its
strong tmmunoreactvity to the 2R120 subline (Scheper ef al, 1993) Observations by
Scheper et al demonstrated that the antigen detected by LRP-56 was predominantly
located in the penpheral cytoplasm i a granular fashion indication that possible
association with the endoplasmic reticilum This pattern of staining 1s charactenstic of the
LRP 1n a range of multidrug resistant cell lines and normal and malignant tissues (Section
13113) A reduction 1n the level of expression was observed where P-glycoprotein
expression was predominant which was observed by immunoprecipitation with MAb
LRP-56 The molecular weight of the LRP has been determined by immunoprecipitation
to be approximately 110 kDa Scheffer ef al (1995) have shown that LRP mRNA 1s 8
times higher in the 2R120 subline than 1n the ﬁgp positive 2R160 subline and 4 times

higher than the 2R120 reverent subline, grown 1n the absence of drug for 9 months

133 10 Expression of LRP/MVP m multidrug resistant cell lines

Over expression of the LRP/MVP has been observed in a number of drug selected cell
lines (Moran et al, 1997a, Scheper et al, 1993, Versanvoort ef al , 1995, Verovski et
al , 1996, Wyler et al , 1997, Komarov et al , 1997, Futscher et al , 1994, Parker et al ,
1997 and Ikeda et al , 1997)

Over expression of the LRP/MVP appears to be more closely associated with low level
resistance where 1t 1s frequently observed at the early stages of resistance selection It has
also been observed, though less often, in ighly resistant cells, (Moran et al, 1997a,

Scheper et al, 1993, Wyler ef al, 1997, Vervoski et al, 1996, Versantvoort et al |
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1995) The mechanisms of resistance that operate in the low-level resistant cell lines are
thought to be more clinically relevant (Moran et al , 1997a, 1zquierdo 1995, PhD thests,
Coley, 1997)

The expression of LRP/MVP and Pgp in drug resistant cell lines appears to be exclusive
1e the majority of pgp over-expression cell lines are LRP negative and vica versa
(Moran ef al, 1997a, Versantvoort ef al, 1995, Scheper et al , 1993) Moran et al ,
have demonstrated that, in a series of subhnes of the ovarian carcinoma cell line,
OAW42, LRP/MVP over-expression is seen at the lower levels of resistance in OAW42-
S, and OAW42-SR cell lines whereas a switch to pgp-over-expression 1s observed in the
adriamycin selected OAW42-A1 and OAW42-A lines Similar over-expression at lower
levels of resistance has been observed by Scheper ef a/, i therr 1993 study The
apparent association of LRP/MVP with low level resistance suggests that 1t could be a
chmecally relevant marker for drug resistance since low level resistance 1s considered to
be more chnically relevant (Izquierdo ef al , 1996 a, b, Moran ef a/ , 1997) Concomitant
over-expression of LRP/MVP and Pgp has been observed in very few cell lines namely
the MCF7/D40 breast cancer cell line and certain 8266 myeloma cell lines (Scheper,
1996, Scheper ef al ,1993, Wyler ef al, 1997, Shao ef a/, 1995) It has been suggested
that in cell lines with over-expression of both pgp and LRP, the LRP associated
mechanism of drug resistance may contribute to the MDR phenotype (Izquierdo ef al ,
1998) Ewvidence by Shao ef al, has demonstrated that in 2 subhnes of the myeloma cell
line 8266 where the Pgp content was similar, the greatest resistance was observed in the

subline with the higher LRP/MVP content (Shao ez al , 1995)

Many LRP/MVP over-expressing cell lines also appear to over-express MRP (Flens et
al , 1994, Moran et al, 1997a) Whether the LRP/MVP or MRP contributes to MDR
phenotype in these cell hnes 1s unknown Prelimmary evidence from LRP/MVP ribozyme
and antisense transfected cells of OAW42-SR suggests that the LRP/MVP may play a
sigmficant role in drug resistance (Byrne, 1998) Moran ef af, (1997a) have also
observed a passage dependent increase in LRP/MVP expression in the OAW42-SR
subline with a paralleled increase in drug resistance without any change i MRP
expression It has also been shown that the non-small lung carcinoma cell line

GLC4/ADR over-expresses of both LRP/MVP and MRP However, it has yet to be
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established which drug resistance mechanism predominates, it has been suggested that
resistance 1s due to the over-expression of LRP/MVP (Kickhoefer et al, 1998, Flens et
al , 1997, Slovak et al , 1995) Despite the evidence to suggest that the drug resistance
phenotype of many cell lines 1s due mainly to LRP/MVP expression, the observation that
2 and sometimes 3 MDR associated markers being expressed concomutantly suggests
that several drug resistance mechamisms may be necessary to cause the phenotype of
drug resistance observed in LRP/MVP positive drug-selected cell lines (Izquierdo ef al ,

1998 1n press)

LRP/MVP expression does not appear to be associated with the so-called “classic” MDR
drugs such as adnamycin A wide range of drugs have been used mn the selection of
LRP/MVP over-expressing drug resistant cell lines (including doxorubicin, mitoxantrone,
etoposide, vincristine, cytavabine, methotrexate and cisplatin Moran et al, (1997),
Wyler et al , (1997) and Scheper ef al , (1993) have demonstrated that, despite the fact
that the majority of LRP/MVP cell lines were selected by exposure to doxorubicin, they
exhibit cross-reactivity to the majority of drugs listed above Studies with a number of
drug resistant gastric cell lines have indicated correlation between LRP/MVP mRNA
expression and resistance to etoposide and a topoisomerase inhibitor SN-38 (Ikeda ef al |

1997)

Generally, the increase in LRP/MVP expression appears to be accompamed by a
paralleled increase 1n drug resistance, however, recent observations have shown that in
the OAW42-S cell line, cloned from the LRP/MVP over-expressing cell line OAW42-
SR, LRP/MVP 1s also expressed 1n a passage dependant manner but without any increase
in drug resistance (Moran et al, 1997a) This phenomenon will be discussed in more

detail in Section 1 53 1

Over-expression of LRP/MVP 1s not hmited to drug resistant cell lines selected with
cytotoxic drugs In a study of a panel of 61 cell ines from the National Cancer Institute
(NCI), many of which are intrinsically resistant (Izquierdo ef al, 1996a), 24% of these
cell lines exhibited Pgp over-expression while LRP (and MRP) were constitutively and
heterogeneously expressed at varying levels 1n 87% (and 78% for MRP) of cell lines

Statistical analysis indicated that pgp significantly correlated with MDR rank and
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resistance to doxorubicin whereas MRP correlated with resistance to vincristine LRP
expression correlated with resistance to melphalin, cisplatin vincristine and carboplatin
Concomitant expression of different MDR mechanisms was also observed in 34% of cell
lines 18% expressed pgp, MRP and LRP/MVP, 43% MRP and LRP/MVP and 3% Pgp
and LRP/MVP In 8 of these cell lines, LRP/MVP mRNA expression, but not MRP
mRNA expression was determined to be strongly correlated with drug sensitivity to both
MDR and non-MDR related drugs LRP/MVP mRNA estimation appeared to be a
shghtly better indicator of drug sensitivity that LRP/MVP protein expression (Laurencot
etal , 1997)

13.311 LRP/MVP expression in normal and mahgnant tissue

The information ganed from in wifro drug selected and intrinsically resistant cell lines
suggest a possible role for LRP/MVP 1n the MDR phenotype and as a marker for low-
level resistance A number of groups have determined the expression of LRP/MVP in
normal and malignant tissues 1n an attempt to determne distribution of expression of this

antigen

Izquierdo et al, (1996b), found LRP/MVP to be widely expressed in normal tissue

MAb LRP-56 showed strong immunoreactivity with epidermal keratinocytes and
melanocytes with some staining of mesenchimal dermal cells Epithelial cells lining the
bronchioles of the lung also stamned strongly with MAb LRP-56 Type I and II
pneumocytes exhibited low level staining while alveolar macrophages were also strongly
positive for LRP/MVP expression In the unnary tract, strong staining was seen in
proximal but not distal tubules of the kidney, while 1n the endocrine glands, the cortex of
the adrenal gland gave the strongest staning In the male and female reproductive system
and breast tissue, strongest stamming was observed i germ cells of the seminferous
tubules and leydig cells of the testes, in epithelial ovanan cells, placental trophblast and
the duct lining cells of the breast Significant staining was also observed in cells of the
immune system, particularly in macrophages Similar results were obtained by Sugawara
et al, (1996) but with two notable exceptions, less staiming was observed 1n epithehal

cells of the ovary and 1n type I and II lung cells In a more detailed study of the over-
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expression of LRP/MVP n normal lung, Dingemans er al, (1996) confirmed the
observations of Izquierdo ef a/ and Sugawara ef al , regarding the general distribution of
LRP/MVP 1n lung tissue This also demonstrated that the level of expression i smokers
was not related to number of pack years smoked but there was a higher a trend for
higher expression levels in patients who had smoked more that 10 pack years

The overall trend of LRP/MVP expression in normal tissues appears to suggest that 1t
may play a role in defence against xenobiotics Highest LRP expression 1s seen 1n tissues
chronically exposed to xenobiotics 1e epithelia of the bronchus, digestive tract,
keratinocytes and in metabolically active tissue such as the adrenal cortex and
macrophages (Izquierdo ef al , 1996b, 1998, Sugawara et al , 1996, Dingesman et al |
1996) Kedersha and Rome, (1990) have observed similar over-expression of rat vault
particles in limited studies on animal tissues, particularly in epithelial cells and alveolar
macrophages The distribution appears to resémble that of other drug resistance related
proteimns such as Pgp and MRP 1n normal tissue which have been implicated in protection
agamst xenobiotics (Flens ef al , 1996, van der Valk ef a/, 1990, Cordon-Cardo, 1991,
Flens, 1997)

Izquierdo et al , (1996b) have also studied the expression of LRP/MVP 1n a panel of 174
tumour specimens compnsing 27 tumour types Results from this study indicate that
LRP/MVP expression appears to reflect the susceptibility to chemotherapy of different
tumour types Highly chemosensitive cancers such as germ cell tumours and
neuroblastoma expressed LRP/MVP n the minornty of cases, partially chemosensitive
cancers such as ovarian carcinoma expressed LRP/MVP 1n the majority of case while in
highly chemoresistant cancers such colon, renal and pancreatic cancers, all samples
expressed the LRP/MVP These imtial studies were performed on frozen sections
However Schroeyers ef al, (1997) have recently modified and improved the staining
protocol for MAb LRP-56 and a new rat MAb LMR-5 (Flens et al , 1997) for paraffin-
embedded archival tissue Similarly, den Boer ef al, (1998) have optimised flow

cytometric analysis for LRP-56 in childhood acute lymphoblastic leukaema
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1 3 3 12. Chinical significance of LRP/MVP expression

A number of studies have been undertaken to determine the chinical significance of
LRP/MVP 1n patient outcome and survival These studies are introduced according to

tumour type

Neuroblastoma

Neuroblastoma 1s a relatively chemosensitive tumour type which does not appear to
over-express Pgp 1in the MDR phenotype (Gottesman e al, 1989, Favrot et al, 1991)
Neuroblastoma tumours nvestigated by Izquierdo er a/, (1996b) demonstrated that
LRP/MVP was not commonly expressed in this neoplasm Ramamn et al, (1995), have
also demonstrated that LRP/MVP expression was low 1n untreated tumours, 3 out of 10
tumours expressed low levels of LRP/MVP This figure increased following
chemotherapy (9 of 11 samples) In 9 paired samples, 7 that were LRP/MVP negative,
pre-chemotherapy, LRP mmmunorecativity was demonstrated post-chemotherapy

However there was no correlation between survival and LRP/MVP expression

Melanoma

Schandendorf ef al, (1995) have shown that Pgp 1s rarely expressed in malignant
melanoma (1 out of 71 lesions), whereas MRP and (primarily) LRP/MVP appeared to be
more chinically relevant LRP/MVP expression was mainly associated with a subset of
nervi in nervus cells exhibiting up to 25% positive LRP reactivity In 13 out of 21
primary melanomas and 23 out of 37 metastases, greater that 25% of tumours cells
stained with MAb LRP-56 In the metastases group, 50 % of positive samples came from
patients previously treated with chemotherapy van der Pole ef a/, (1997) have also
found LRP/MVP expression in a small panel of chronic melanoma tissue samples but
were unable to determune if this was chinically significant Their results do however
confirm the observations by Schadendorf ef al, that the highest LRP/MVP expression

was obsetved in tumour tissue previously treated by chemotherapy
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Multiple myeloma

To date only 1 major retrospective study has been imtiated to determine the significance
of LRP/MVP expression in multiple myeloma (Raaymakers et al, 1998) LRP/MVP
expression was assayed 1 tumours from 70 patients who received varying degrees of
treatment with Melphalan LRP/MVP expression was found in 47% of patients
LRP/MVP appeared to be significant prognostic factor in Melphalan/Prednisone treated
patients, but did not have a significant prognostic value in patients treated intermediate
high dose melaphalan Results from this study also show that in a subset of untreated
patients who may receive future treatment with Melphalan/Prednisone there was a poor
probability of response to these drugs because of high LRP/MVP expression This
research group has concluded that intensification of the Melphalan treatment could

overcome LRP/MVP resistance

Breast cancer

Linn et al, (1997) have shown that 65% of breast tumours assayed expressed LRP/MVP

but 1t appears that LRP/MVP has no predictive value 1n treatment outcome

Lung cancer

Dingesman et al, , (1996) have studied the expression of LRP/MVP 1n 36 non-small
lung carcinoma (NSCLC) and 17 tumours (10 NSCLC and 7 small cell lung carcinoma,
SCLC) dertved from patients treated with chemotherapy LRP/MVP expression was
found to be sigmficantly higher in NSCLC than SCLC samples All SCLC displayed low
level expresston Withm NSCLC, squamous cell and adenocarcinoma had higher
expression of LRP/MVP than large cell, undifferentiated and mixed tumours In NSCLC
patients, LRP/MVP expression was a prognostic factor for survival In a recent study be
Volm er al, (1997a), of 87 NSCLC 1t was observed that there was a significant
correlation between LRP/MVP expression and tumour resistance to doxorubicin There

was no mterrelationship between LRP expression and gender, age, stage, lymphnode
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status, proliferation and survival time However, a correlation of borderline significance
was noticed between LRP expression and patients smoking habits Carcinoma 1n heavy
smokers (1 e, more than 30 cigarettes per day) were more frequently LRP/MVP positive

than carcinoma found 1n non-smokers

Childhood leukaemia

The molecular basis for drug resistance in childhood leukaemia, particularly acute
lymphoblastic leukaemia (ALL) 1s still unclear (Perters ef al,, 1997) Multivariable
analysis has shown that analysis of Pgp alone has a imited prognostic sigmificance (Volm
et al,, 1997b) It has also been observed that m vifro and mm vivo resistance to
daunorubicin of childhood ALL blast cells 1s related to prognosis and relapse prior to

chemotherapy (Pieters ef al, 1997)

Studies by Klumper et al, (1995) have shown that LRP/MVP but not Pgp was
sigmficantly associated with increased in vitro resistance of fresh leukaemia cells to
daunorubicin Recently Veerman et al, (1997) have determined the LRP/MVP
expression (as well as Pgp and MRP) 1n mnttial and relapse childhood ALL Results from
this study showed that expression of MRP and Pgp did not correlate with accumulation
or sensitivity to daunorubicin In contrast, expression of LRP/MVP was significantly

higher 1n relapse samples and correlated weakly with in vifro resistance to daunorubicin

In a study of 38 children with mitial and 25 children with relapsed lymphoblastic
leukaemia, LRP/MVP expression was found 1n 18 out of 38 children with imtial ALL and
17 out of 25 relapse ALL Children with imtial ALL and without LRP/MVP expression
had significantly longer relapse free intervals than patients with LRP/MVP expression
(Volm et al, , 1997b) den Boer et al, (1998) have also determuned the expression of
LRP/MVP 1n childhood ALL In a study of 141 chidren, Pgp, MRP and LRP/MVP
expression did not differ between 112 initial and 29 unrelated relapse samples or between
pawred mitial and relapse samples from 9 patients In multiple relapse however,
LRP/MVP expression was 1 6 fold higher compared with both mitial and first relapse

response which was not observed for Pgp or MRP LRP/MVP was found to be weakly
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Ovarian cancer

To date, researchers have not agreed on the role of Pgp in ovanan cancer or its
expression as a predictive marker Although some authors have found elevated levels of
Pgp before and after chemotherapy, they differ as to the correlation if any with clinical
resistance (Holzymer ef al, 1992, Arao ef al, 1994, Karvallis ef al, 1996) Others have
obtained clear results indicating no predictive value for pgp 1n ovarian cancer (Rubin et

al, 1990, Veneroni e al , 1994)

Recently Izquierdo ef al, (1995) determined the prognostic significance of LRP/MVP
expression in a retrospective study of 57 women with FIGO stage I1I/IV ovarian cancer
All patients 1n the study received platinum or alkylating-based chemotherapy following
debulking surgery 77% of tumours expressed LRP/MVP This group has shown that
only LRP/MVP expression (and not Pgp or MRP) correlated with survival and
chemotherapy response, patients with LRP/MVP positive tumours extubit poorer
response to chemotherapy, shorter progression free and overall survival time Recent
work has also shown a tendency for higher levels of LRP/MVP positivity 1n fresh tissue
samples of patients treated with chemotherapy although there was no statistical

significance associated with LRP/MVP expression (Coley, 1997)
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Although these studies strongly suggest a functional role for vault particles in drug
resistance there 1s no direct evidence that they contribute to the MDR phenotype The
only direct evidence comes from studies by Byrne, (as yet unpublished), which indicate
that in LRP/MVP ribozyme and antisense transfected cells, down regulation of the LRP
mRNA 1s accompamied by a concomutant reduction i drug resistance These
observations by Byrne have been confirmed in part, in this thesis Transfection of the
LRP/MVP mto drug sensitive cell hines failed to confer drug resistance (Scheffer ez al |
1995) suggests that all of the components of the vault particle are required for vault
function This point was also demonstrated by Vasu ef a/, where the disruption of
Dictyostelrum MVP resulted in growth arrest (Vasu ef al, 1993, 1995, section 1 53 6)
The recent report that vault particles are up-regulated in MDR cell lines, has prompted
further studies into the interdependency of the vault particle components (Kickhoefer ef
al, 1998, Scheper, Schroeyers and Rome, personal communication) Co-transfection of
the cDNA encoding different vault proteins will give a clearer picture into the
functioning of vault particles and may shed some light onto the possibility of non-

functioning particles (Moran ef al, 1997a, section 1 53 1)
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Figure 13 313 Proposed function for cellular vaults in multidrug resistant cells

(adapter from Izquierdo, 1996 PhD thesis and Scheper, 1996)
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1 4 1 Anatomy of the normal ovary

Gross Anatomy

The ovaries are two nodular bodies located on either side of the uterus, attached to the
broad hgament, and situated close to the pelvic wall in a shallow depression known as
the ovarian fossa The anterior margin of the ovary 1s thin, straight and attached to the
posterior surface of the broad ligament The posterior 1s rounded, convex and
unattached Beside attachment to the broad ligament, the ovary 1s held in place by two
ligaments one attached to the lateral angle of the uterus and the other, the suspensory
ligament that extends form the rounded end of the ovary to the wall of the fallopian tube
The ovary 1s covered by a layer of surface cells that are a modified form of peritoneal
mesothelum Tt covers the whole surface but 1s separated form the rest of the pelvic
peritoneum by a distance line of demarcation known as the Farre-Waldymer line
(Blaustein, 1988) Surface cells are separated from the cortex by the tunica albugines
The cortex houses the functional components, namely the oocytes, follicles and corpra
lutea, 1n varying stages of development and regression The stroma 1s composed of a

surface layer of compact fibrous connective tissue

Surface epithelium

Epithelial cells that cover the surface of the ovary can vary from cubidol to columnar and
squamoid although cuboidal type predominates It 1s not until the 3rd or early in the 4th
month of gestation that they become separated from the cortical stroma by the basement
membrane, until then they are indistinguishable (Blaustein, 1979) During the maturity of
the foetus the epithellum become separated from the funica albuginea Surface epithelia
follow the contours of the ovary and extend into crypts Some of the crypts may be
sealed off from the surface forming inclusion cysts The surface epithelia tend to have
microvilh as well as cilha and are attached by desmosomes and lateral integration

processes Nuceoli and mitocondria are abundant
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Anatomy of the cortex

The appearance of the cortex i1s age dependant, in the new-born the cortex 1s packed
with oocytes and primary follicles, during the reproductive years it contains follicles and
corpora lutea 1n varying stages of maturation while in postmenopausal women the cortex
1s composed mainly of scarred remnants (Baker, 1963) The cells of the cortex are
spindle-shaped and round fibroblast elements They form the matrix in which the

structures mentioned above are found

1 42 Functions of the normal ovary

The surface epithelia of the adult human ovary has been described as a non-descript layer
of cells that vary from squamous to cubidal and low columnar (Nicosia and Nicosia,
1988, Blaustein ef al, 1979) The overall unremarkable appearance of this layer of cells
suggests that 1t lacks any particular function, however this does not appear to be the
case The ovary has two major functions, production of steroid hormones and the timed
releases of ova Blaustein ef al, (1979)believe that the surface epithelia play a significant
role in the latter In the preparation for ovum release, production in lysosomal bodies has
been observed n surface epithelial cells These lysosomal bodies are secreted/excreted
from the cells' basal surface before ovulation These groups believe that the lysosomal
bodies aid 1n the breakdown of the fugesia albugenia by exposure to spectfic lysosomal
enzymes and thus aid in follicular rupture The resultant wound 1s repaired by growth of

ovarian surface epithelia, a supposed source of mutation in epithelial ovanan cancer

(Section1451)
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1431 Tumours affecting post-menopausal women

Epithelial tumours are the most common histological types found in post-menopausal
women Although tumours of the surface epithelium can occur in younger women, they
are usually rare before menarche (Mernno and Jaffe, 1992) Incidence of epithehal
tumours increase after the age of 55 years, the most progressive forms predominating in
elderly, postmenopausal women Younger women tend to have benign lesions, borderline
tumours, tumours of low malignant potential or low-grade adenocarcinomas These
neoplasms arise from the surface epithelia that cover the ovary and have the potential to
undergo metaplastic changes to resemble to various types of epithellum, which cover the

gynaecological tract The various histological types are briefly outlined below,

Serous tumours

Serous tumours account for 42% of all epithelial carcinomas (Blend and Ostrowiski,
1994) Histologically, these neoplasms resemble the liming of the fallopian tube Serous
cystadenocarcinoma account for approximately 65% of all serous neoplasms and 1s the
most malignant histological type of epithelial ovarian cancer As many as two thirds of all
neoplasms of this subtype present as bilateral at the time of diagnosis The overall
prognosis for this type of tumour 1s poor with a 20-30% survival rate The prognosis
depends heavly on the FIGO stage of the disease and the grade of the tumour Treatment
for this tumour usually involves total abdomal hysterectomy and tumour debulking

followed by chemotherapy (Mermno and Jaffe, 1992)

Mucinous tumour

Mucinous tumours account for approximately 15% of all epithelial malignancies and 5%
of all ovanan neoplasms Blend and Ostrowiski, 1994) Tumours are characterised by tall,
columnar mucin-producing cells which resemble the lining of the intestine or endocervex
(Czarnobilisky, 1988) Mucinous adenocarcinoma accounts for 10% of all mucinous
carcinoma These tumours are highly malignant and metastasise early As with the

previous malignancy, the prognosis 1s heavily dependent on the FIGO stage of the lesion

35








































































































































































































































































































































































































































































