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ABSTRACT

Tumourigenesis is the result of increused cell number. Progressive neurodegenerative disorders
are characterized by decreased cell number. These illnesses emphasize the life-threatening
consequences of disrupting the delicate balance between cell growth, cell differentiation, and cell
death. Exposure to chronic inflammation is a recognized risk factor for a variety of human cancers
and progressive neurodegenerative diseases. This thesis represents an attempt to determine
whether one endogenous proinflammatory agent, platelet activating factor (PAF), may participate
in tumourigenesis and/or neurodegeneration. Data are presented to indicate that PAF is capable of
inducing sustained alterationsin both the rate of cell growth and the rate of cell death in non-
inflammatory cells. This ability can be characterized as follows: (1) Brief stimulation (<1 hr) of
rodent and human fibroblasts and epithelial cells cultured in vitro induced PAF receptor activation,
PKC activity, phosphorylation of proteins on tyrosine residues, oxyradical production, and de
novo gene expression of the proto-oncogene c-fos and the active cell death (ACD)-related gene
clusterin. (2) Transient stimulation (1-6 hr) elicited long-term growth enhancement (60-80 days)
characterized by increased focus formation, saturation density, autonomous cell growth, and Al
growth in the absence of furtherligand exposure. Cell proliferation was, apparently, mediated by
increases in intracellular PAF concentrations triggering the synthesis and release of mitogenic
factors. Growth enhancement was accompanied by induction of clusterin and urokinase
plasminogen activator gene expression. (3) Prolonged exposure (72 hr) to PAF induced ACD
when cells were cultured in the absence of excess growth factors. ACD was determined by
changes in nuclear and cytoplasmic morphology and by DNA analysis. (4) The kinetics of these
responses to PAF could be altered by introduction of an activated rus oncogene into cells.
Transient exposure to PAF under suboptimal growth conditions was sufficient to elicita defined
period of cell loss in ras-transformed fibroblasts followed by growth enhancement in surviving
cells. (5) Increased PAFR expression was associated with chronic neurodegenerative lesions and
cell death in vivo using a kainic acid model of myoclonic epilepsy. In summary, PAF, was shown
to be capable of disrupting the delicate balance between cell growth and cell death. In this manner,

PAF may contribute to tumour progression and progressive neurodegenerative disorders.
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ABBREVIATIONS

Terms are defined when they first appear in text. The following acronyms arc used upon subsequent citation.

10x SSC
6-TG
6-TGMP
AA
AAGPC
ACD

Al

ALS
AMP
APP
APRL
BCIP
BSA
CAM
CCS

CDTA

CNS
DAG
DMEM
DMF
DMSO
DNA
ECM
EDTA
FCS
FGF
GAP
GAPDH
GFAP
GMP
GTP
FLI
HAT
HF
HPRT

HT
ICAM
IP
LFA

1.5M NaCl, 0.15M Na Citrate
6-thioguanine

6-thioguanine 5°monophosphate
arachidonic acid -
alkylacylglycerophosphocholine

active cell death

anchorage independent

amyotrophic lateral sclerosis
adenosine 5° monophosphate

amyloid precursor protein
antihypertensive polar renal lipid
bromocholorindoy! phosphate

bovine scrum albumin

cell adhesion molecule

1 mM Na Citrate, | mM CDTA, 0.1%
SDS, pH 6.8
trans-1,2,-diamine-cyclohexane-NNN'N",-
tetraacetic acid

central nervous system

diacylglycerol

Dulbecco’s minimal essential medium
dimethylformamide

dimethy! sulfoxide

deoxyribonucleic acid

extracellular matrix

cthylenediamine tetraacetic acid

fetal calf serum

basic fibroblast growth factor

GTPase activating protein
glyceraldehyde-3-phosphate-dehydrogenase
glial fibrillary acidic protein

guanosine 5" -monophosphate
guanosine 5" -trisphosphate
Jos-like immunoreactivity
hypoxanthine + aminopterin + thymidine
human fibroblast
hypoxanthine-guanine
phosphoribosyltransferase
hypoxanthine + thymidine

intracellular adhesion molecule (CD34)
intraperitoneal

lymphocyte function associated antigen

(CD18)
LTR long terminal repeat
LPS lipopolysaccaride
MAC membrane attack complex
MAP mitogen associated protein

MHC major histocompatability complex
MoMuLV Moloney murine lcukemia virus

NBT nitroblue tetrazolium

Neo Tn (10) neomycin resistance gene
NO nitric oxide

NO, nitric dioxide

O, superoxide anion

OH’ hydroxyl radical

ONOO-  peroxynitrite

PAF platelet activating factor (1-O-alkyl-2-
acetyl-sn-glycero-3-phosphocholine)

PAFR platclet activating factor receptor

PAS periodic acid Schiff’

PAS-D  PAS-dimedone

PBS phosphate buffered saline

PECAM platelet endothelial cell adhesion

molecule-1
PKC protein Kinase C
PIP phosphoinositide

PLA phospholipase A
PLC phospholipase C

PNS peripheral nervous system
Prp= prion protein-scrapic
REC rat cmbryo cell

RES RNA extraction solution

RNA ribonucleic acid

SDS sodium doedcy! sulfate

SOD superoxide dismutase

TGFp transtorming growth factor

TIS-1 12-O-tetradecanoyl-phorbol-13-acetate
inducible sequence

TNFa tumour nccrosis factor o

TPA 12-O-tetradecanoyl-phorbol-13-acetate

UPA urokinasc plasminogen activator
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1. Preface

Cell number in multicellular organisms is determined by the rate of cell growth, cell
differentiation, and cell death. The ability of an animal to sustain life depends upon a tight
regulation of these processes and any prolonged alteration in the integrity of this balance can have
devastating consequences. For example, cancers arise as a result of an anomalous increase in cell
proliferation or, conversely, from an inappropriate decrease in the rate of cell death. Accelerations
in either process can lead to the replacement of normal tissue with growth-deregulated cells
(tumour formation). A benign tumour may then become malignant and metastasize if it acquires
five distinct phenotypic characteristics: (1) the ability to degrade extracellular matrix (ECM) and
invade neighbouring tissue, (2) the ability to enter and survive in the circulatory system, (3) the
ability to exit the circulationand encroach upon foreign tissue, (4) the ability to sustain cell
proliferation in an unfamiliar environment in order to successfully colonize secondary tumours,
and (5) the ability to induce angiogenesis and sufficient vascularization of the growing tumour
mass to ensure sustenance. This ‘malignant transformation’ is thought to require a series of
successive genetic alterations within proliferating cells that promote the ability to survive within a
hostile environment. However, an analogous process is perpetuated on almosta daily basis.
Activated white blood cells, endothelial cells, and participating non-inflammatory cell types
respond to physical insult by (1) increasing vascular supply to the site of injury, (2) sustaining cell
proliferation to mediate wound closure, (3) permitting circulating phagocytes to exit the blood
stream and extravasate through basal lamina and connective tissue, (4) inducing ECM degradation
to facilitate the rapid chemotaxis of cells through intact tissue, and (5) ensuring the functional
activation of phagocytes within the hostile environmentof a wound or infection. Transient
induction of the inflammatory response is a necessary component of wound healing. Sustained
induction of the ‘inflammatory phenotype’ results in pathophysiological conditions such as
rheumatoid arthritis, Crohn’s disease, ulcerative colitis, and atrophic gastritis. Many of these
disorders have been associated with an increased predisposition to the development of solid
tumours suggesting that the role of proinflammatory agents in mediating cell proliferative disorders

should be evaluated.
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Tumourigenesis is the result of increased cell number. However, the inﬂamfnatoxy
response is characterized not only by sustained cell proliferation but also by increases in the rate of
cell death as irreparably damaged cells are targeted for phagocytosis and are replaced by healthy
tissue. Similar dynamicsare observed in vivo in established tumours. Increased cell proliferation
is localized to the periphery of the tumour mass while protracted cell death is noted within the
necrotic core. In malignant tumours, the rate of cell growth exceeds the rate of cell death
permitting tumour cell expansion. Such alterations are only possible in tissues capable of
compensating for a reduction in overall cell number. What effect, then, does chronic inflammation
have on cells incapable of continued proliferation? Progressive neurodegenerative disorders are
characterized by a sustained reduction in cell number due to the fact that terminally differentiated
neurons, once generated, do not replicate. This fact renders the central hervous system (CNS)
uniquely susceptible to cell ablation due to injury. Recent ground-breaking research has indicated
that aberrant inflammatory responses may play a role. in the pathogenesis of a wide variety of
neurodegenerative disorders including Alzheimer’s Disease, Downs Syndrome, Amyotrophic
Lateral Sclerosis (ALS), Pick’s Disease, Parkinson’s Disease, Myoclonic Epilepsy, and prion-
related disorders. These conditions are characterized by increases in phagocytic (glial) cell
growth, neuronal cell death, and deposition of non-degradable elementsin CNS parenchyma. The
neurodegenerative lesions, specific to each disorder, trigger variable degrees of inflammatory
reactions, increasing both local and often systemic concentrations of proinflammatory mediators.
However, the role of inflammatory agents in mediating progressive neurodegenerative disorders
has only begun to be systematically evaluated.

Do endogenous inflammatory agents participate in tumour progression and provoke
progressive neurodegeneration? Certainly chronic inflammatory conditions have been associated
with an increased predisposition both to the development and progression of cancer (clonal
expansion of growth-deregulated cells) and to the exacerbation of progressive neurodegenerative
disorders (accelerated cell dystrophy and dysfunction). This thesis represents an attempt to assess
the contribution of one such endogenous proinflammatory mediator, platelet activating factor (PAF:
1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine), to tumourigenesis and neurodegeneration and to

elucidate some of the mechanisms underlying PAF’s putative effects.



-

2. The Inflammatory Response

\
This section provides a brief, descriptive overview of the inflammatory environment in

order to define terms and place in context the hypothesis that PAF plays a role in exacerbating

malignant transformation and neurodegeneration. The review is based on the following references

(74,135,175,187,192,193).

Inflammatory and non-inflammatory cell types

If the body is wounded, a series of defensive reactions are initiated that, together, constitute
inflammation. Two, arbitrarily defined, cell groups are involved: inflammatory and non-
inflammatory cell types (Figure 1). The first group refers to those cells that actively migrate into a
site of injury in order to contain toxic agents, promote angiogenesis, kill invading microbes,
remove damaged tissue, and facilitate wound repair. These cells include platelets, lymphocytes,
monocytes/macrophages, neutrophils, and endothelial cells. In the CNS, this list is further
extended to include astrocytes and microglia - two cell fypes unigue to the brain and spinal cord.
The second group refers to non-inflammatory cells that, upon injury, release proinflammatory
mediators in order to attract and activate inflammatory cells, elicit cell death in damaged or
contaminated tissue, and induce cell proliferationin neighbouring cells. Needless to say, the

division between inflammatory and non-inflammatory cells is somewhat arbitrary. All of the cell

epthelal cells

Figure 1.
basal lamina EPIDERMIS Infla{nmato ry and
interstitial cells non-inflammatory cell
smooth muscle cells networks
microglia - < Schematic section
neuron \J DERMIS / through  vasculature,
NS CONNECTIVE TISSUE connective tissue and
i . .
astrocyte ,:',f::,g‘;,': epidermis. CNScells are
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cell bod
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cord) smaoth muscle celis are indicated in grey.
pamnd St s ~internal elastic Jamina
; platelets BLOOD VESSEL,
ﬁ? < lymphocytes LUMEN AND
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‘
types depicted in Figure | are capable of releasing cytokines, chemotactic agents, and other
proinflammatory signalling molecules. Furthermore, to some extent, each cell type is capable of
limited phagocytosis (with the possible exception of CNS neurons) facilitating the removal of
damaged tissue from a site of injury. However, only inflammatory cell types migrate over long

distances and across tissue barriers.

Inflammation

The inflammatory response consists of acute and chronic phases. Upon injury, irritation, or
infection, non-inflammatory cells release a wide variety of proinflammatory agents that initiate the
acute response. Acute inflammation is characterized by (1) vasodilation and enhanced vascular
permeability, (2) de novo angiogenesis, and (3) infiltration of damaged tissue by activated platelets
and polymorphonuclear leukocytes (Figure 2). This reaction is considered to be non-specific in

that similar responses are generated by diverse sources of irritation or injury. The intensity of each

Release of pro-inflammatory 2A Vascular permeability, plasma
mediators at site of injury extravasation, platelet activation,

1

wound containment

INJUR'

Figure 2. Acute inflammatory
responses

Schematic  section  through the
vasculature, connective tissue/dermis,
and epidermis. Cell types are as in
Figure 1. Upon injury, irritation, or
infection, non-inflammatory cells release
a myriad of proinflammatory agents that
diffuse through neighbouring tissue
establishing a concentration gradient of
inflammatory activators (1). These
agents induce a non-specific cascade of
responses that include edema and
platelet activation (2A), angiogenesis
and vascular dilation (2B), and activation
and infiltration of circulating phagocytes
(2C). Such responses underly the four
primary characteristics of acute
inflammation - heat, redness, swelling
and pain.

Adherence of activated

Angiogenesis, vascular ditation, phagocytes to neighbouring
2B increased blood supply, 2C endothelial cells, chemotaxis to
increased temperature site of injury, degradation of

ECM, phagocytosis

=
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reaction is determined by the concentration gradient of proinflammatory agents present at the site
of injury. High concentrations of inflammatory mediators (ie. in and around the core of the injury)
promote inflammatory cell activation and generate feedback loops that maintain elevated cytokine
production. Low concentrations of cytokines (ie. at the periphery of damaged tissue) and/or
specific proinflammatory agents stimulate cells to produce inflammatory inhibitors. This resporise
serves to localize the inflammatory response and regulate its duration.

Chronic inflammatory reactions are triggered by a decrease in the number of injured non-
inflammatory cells as the result of successful phagocytosis. This response also depends upon the
claboration of immune molecules at the site of injury that stimulate specific, secondary
inflammatory cell types (Figure 3). Production and accumulation of neutrophils diminishes and
macrophages and lymphocytes emerge in larger numbers at the site of injury. Macrophages are
specialized cells derived from circulating monocytes that, upon infiltration of connective tissue,
undergo terminal differentiation and achieve functional specificity. This phenomenon also occurs
in the CNS where antigenically distinct monocytes are permitted limited entry into the perivascular
space before differentiating into phagocytic microglia. Both macrophages and microglia elaborate
and process antigen targeting the release of lytic enzymes and directing the phagocytosis of dead
leukocytes and cellulardebris. These cells also produce agents that stimulate non-inflammatory
cells to synthesize and release ECM components in order to stabilize the surrounding matrix and

generate scar tissue.

Figure 3. Chronic inflammatory
responses

Schematic section through the vasculature,
connective tissue/dermis, and epidermis in and
around damagedtissue. Unlabelled cell types are
:9: E mutinucleated 25 in Figqre 1. Acqte inflgmmation progresses to
<. giantcells chronic inflammation with the activation of

, : macrophages (B) and lymphocytes (C). Both of
these cells elaborate and process antigen that
direct the cells to perform specific functions (ie.
targeted cell lysis and phagocytosis). Macrophages
(B) are derived from circulating monaocytes (A) that
differentiate upon migration into damaged tissue.
These cells are also capable of further

D. epitheloid cell ®)

C. lymphocyte

B. macrophage

I__~ i o, - . . . . :
(oD B transformation into epitheloid cells (D) and fusion
A monacyle into multinucleated giant cells (E). These latter cell
(980@@ & types contribute to wound containment, matrix
- - >

i v ambaisy =i stabilization, and generation of scar tissue.
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Immune modulation of the inflammatory response.

One additional consideration important to the discussion of PAF and cell regulative
disorders affecting cell number is the role of complement in promoting inflammation.
Complement is a general term denoting an entire series of immunological serum (and cerebral)
proteins that undergo a cascade of proteolytic reactions when activated by antibody-antigen
complexes or microorganisms. Different products of these reactions enhance the response of
phagocytic cells to injury, facilitate blood vessel dilation and plasma extravasation, and form
membrane attack complexes (MACs) that bind to and permeabilize invading microorganisms. In
this fashion, complement serves as both a recognition and an effecter system of humoral immunity
determining ‘self’ from ‘non-self’ and amplifying the actions of both antibody and
proinflammatory agents.

Complement consists of approximately 30 interacting proteins synthesized and released
predominantly by the liver and, to a lesser extent, by the brain. Liver-derived components are
released systemically; brain-derived products are retained locally. Two mechanisms are available
for activation of the complement cascade - the classical and alternative pathways (Figure 4).
Functional components, designated C1-C9, factor B, and factor D, regulate assembly of MACs.
Regulatory factors control the specificity of the complement response by inactivating reactive
fragments that bind to autologous tissue (‘self’) and by enhancing the attachment of these same
proteins to invading organisms (‘non-self’). These latter agents will be discussed in more detail in
Chapter II, Section 4 with respect to the cerebral complement cascade. In addition to the formation
of MAC, complement C3a, C3b, and C5a also directly modulate the inflammatory response. C3b
binds to specific receptor proteins on macrophages and neutrophils thereby promoting the
interaction between inflammatory cell and microorganism and facilitating phagocytosis. C3a and
C5a increase smooth muscle contraction and stimulate mast cell and basophil secretion of
histamine through induction of intermediate signalling molecule, PAF (74,23). Both PAF and
histamine induce vasculature permeability contributing to the extravasation of plasma and
circulating cells into the site of injury. In addition, PAE synthesized in response to complemem
activation, plays a pivotal role in modulating the response of both inflammatory and non-

inflammatory cells during each phase of inflammation (Chapter 11, Section 5).
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Figure 4. Complement activation:
classical and alternative
pathways

The classical pathway is activated by IgG
or IgM antibodies associated with
antigens on the surface of an invading
microorganism or on an infected antigen-
presenting host cell (1A). Circulating C1
complex binds to the constant region of
these antibodies (1B). Binding activates
C1’s proteolytic capabilities enabling the
complex to cleave C4 into two smaller
fragments, C4a and C4b (1C). C4b binds
covalently to the cell membrane and
interacts with C2. Once bound, C2 can
also be cleaved by active C1 complex
(1D). The larger product of this reaction,
C2a, remains bound to C4b forming the
Cab2acomplex or the classical pathway's
C3/C5 convertase which can be retained
or released locally. C3/C5 convertase
cleaves C3, forming C3a and C3b (1E).
C3b is released and rapidly binds to
neighbouring cell membranes. Regulatory
complement proteins  (not shown)
immediately inactivate the C3b bound to
host tissue. Invading organisms lack
these proteins and are unable to degrade
C3b complement. C3b binds circulating
C5. Once bound, C5is cleaved by C3/C5
convertase into C5a and C5b (3A). C5b
combines with C6 to initiate assembly of
the membrane attack complex (C5b6789)
(3B). MACs are transmembrane pores
that permeabilize target membranes and
destroy the organism or cell to which it is
bound. .In the alternative pathway,
polysaccharides in the cell envelopes of
invading microorganisms attenuate the
inactivation of spontaneously produced
C3b. This active membrane-bound C3b
interacts with circulating factor B (2A).
Once bound, factor B is cleaved by factor
D (which is constitutively active in blood)
into factor Ba and factor Bb (2B). Factor
Bb is a C3/C5 convertase capable of
generating further C3b (2C) and activating
C5 (3A) leading to the assembly of MAC
(3B).
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3. Cancer and Inflammation

How does the inflammatory response relate to tumour progression? As indicated in Table 1,
chronic infection, injury, and inflammation are recognized risk factors for a variety of human
cancers. Itis postulated that agents generated in chronically inflamed tissue promote the malignant
conversion of cells through stimulation of prolonged cell replication and/or induction of
deoxyribonucleic acid (DNA) damage. Most of the proinflammatory agents implicated in
tumourigenesis are believed to exert both a physiological and pathophysiological effect depending

upon the circumstances of exposure. At low concentrations or with limited exposure, they act as

Table 1. Increase in cancer incidence in patients with chronic inflammatory conditions®

Characteristics

Inflammatory Associated| Implicated |Mechanism of]
Disorder cancer site|inflammatory action
mediators
1. |Parasitic infection]  Schistosomiasis bladder nitrosamines Chromosomal
Opisthorchis viverrini liver oxyradicals abnormalities
Clonorchis sinensis colorectal DNA damage
Malaria 1 cell proliferation
2. |Bacterial infection| Helicobacter pylori stomach oxyradicals Chromosomal
Urinary infection bladder abnormalities
Tuberculosis lung DNA damage
t cell proliferation
3. | Viral infection Hepatitis liver nitrosamines DNA damage
Human papilloma cervix oxyradicals
Herpes simplex type 2
Cytomegalovirus
4. | Ulcerative colitis | Diffuse inflammation of| colorectal oxyradicals DNA damage
mucous membranes t cell proliferation
5. | Crohn's disease Nonspecific colorectal PAF DNA damage
inflammation of the oxyradicals | 1 cell proliferation
ileum with granuloma
6. | Atrophic gastritis | Inflammation of the stomach oxyradicals DNA damage
stomach with atrophy t cell proliferation
of mucosa and glands
8. | Chronic exposure irritation and lung oxyradicals Chromosomal
to particulates (ie. inflammation of nitrosamines abnormalities
asbestos, silica exposed tissue DNA damage
dust) t cell proliferation
9. Chronic injury Repeated abrasion skin oxyradicals Chromosomal
(ie. burns, heat, Recurrent cystitis throat abnormalities
smoking) Chronic skin ulcers lung DNA damage
bladder 1 cell proliferation

aSummary Is based on the following references (-,11,15.49,51,57,69,94,175,185,191.192,205.210).
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essential signalling molecules facilitating wound healing and containment of harmful irritants. At
high concentrations or with extended exposure they can stimulate prolonged cell replication within

a potentially harmful environment and/or act as endogenous mutagens.

Chronic inflammatory disorders associated with cancers

A large number of chronic inflammatory disorders are also associated with tumour
progression (Table 1).  These conditions are characterized by repeated exposure to
proinflammatory agents synthesized and released by invading macrophages, leukocytes,
lymphocytes, capillary endothelial cells, basal epithelial cells, and stromal fibroblasts located both
within and around the site of chronic irritation. Under normal circumstances, inflammation is
transient, progressing through acute and chronic phases before dissipating. Successful resolution
of the response is signalled by the attenuation of proinflammatory mediator (and inhibitor) release,
the cessation of inflammatory cell movement into recovering tissue, and the regression of the
superfluous blood vessels. The end of the response occurs when the entire complex of activated
inflammatory and proliferating non-inflammatory cells, their blood supply, and the secreted
glycoproteins and proteoglycans that comprise inflamed (granulation) tissue is replaced by
collagenous scar tissue. However, under pathological circumstances, the stimulus responsible for
activating the inflammatory response fails to be eradicated from granulation tissue and the entire
cycle is perpetuated and/or exacerbated. For example, in the case of parasitic infections such as
schistosomiasis, larvae (cercariae or metacercariae), capable of penetrating both the skin and
digestive track of a human host, migrate through blood capillaries to the liver and colon. Upon
maturation, male and female worms mate and travel together through the blood system to the
bladder where the female sheds her eggs in the epithelial cell lining of the bladder. The eggs can
either penetrate the mucosa to be released in the urine or become trapped in the bladderlining. At
each point of contact, the parasitic infiltration incites an inflammatory reaction. If the larvae are not
completely obliterated, the cycle is perpetuated (94,175,192). It is this prolonged non-productive
response that is associated with increased risk of tumour development (94,175,192). Similar
cycles appear to be incited by sustained irritation with particulate matter, bacterial contamination,

viral infection, persistent injury, or during idiopathic inflammatory disorders such as ulcerative
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colitis, Crohn’s disease, and atrophic gastritis (Table 1).

Proinflammatory agents and cell proliferation

The mechanisms by which chronic inflammation may contribute to cancer are unclear.
Tumourigenesis requires the clonal expansion of a single cell with one or more genetic
abnormalities. Within the inflammatory environment, proinflammatory agents stimulate cell
growth in order to facilitate wound healing, angiogenesis, and white blood cell activation and
induce DNA damage in order to destroy invading organisms and infected host cells. Sustained
augmentation of cell proliferation within the inflammatory environment may contribute to tumour
progression in four ways: (1) Clonal expansion is a fundamental requirement for tumourigenesis;
(2) Prolonged cell division increases the likelihood of mutagenic events occurring by repeatedly
altering the structural configuration of nucleic acids rendering DNA more susceptible to interaction
with carcinogens; (3) Accelerated cell doubling rates reduce the amount of time cells spend in
growth arrestand, consequently, increase the probability of errors in DNA repair prior to mitosis;
(4) Many genetic alterations depend upon cell division and cannot occur in quiescent cells (ie.
chromosome loss, duplication, and translocation. In vitro evidence supports the hypothesis that
enhanced cell proliferation induced by proinflammatory agents such as oxyradicals, interleukins,
and PAF mediates tumour progression. Heritable morphological alterations, decreases in cell
doubling time, induction of anchorage independent (AI) growth, increases in autonomous cell
growth (growth in low serum containing medium), and in vivo tumourgenicity of cells
transformed in vitro have been elicited in normal epithelial cells and fibroblasts by co-culture with
12-O-tetradecanoyl-phorbol- 13-acetate (TPA)-activated phagocytes or by exposure to oxyradicals
generated by xanthine and xanthine oxidase (175,234,244). In addition to £X0genous exposure,
many tumour lines demonstrate constitutive autocrine production of inflammatory mediators when
cultured in vitro. Autocrine PAF stimulation has been shown to be responsible for the sustained
cell proliferation observed in HEC-1A adenocarcinoma cells (143). Cooperation between
inflammatory cytokines and oncogenes has also been observed to increase cell growth. For
example, transfection of ras-transformed pre-B cells with an activated interleukin-6 consfruct

enhances clonal expansion and yields highly tumourigenic lymphoid cell lines (47).
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As indicated by the effect of PAF on HEC-1A cells, some tumour lines may actually
depend upon proinflammatory agents to sustain their own malignant growth. In fact, these effects
are often counter-intuitive. For example, transforming growth factor B (TGFB) is an
inflammatory agent characterized in normal cells to act as a negative growth regulator.
Surprisingly, TGFp potentiates in virro cell growth in a variety of transformed lines while eliciting
growth arrest in normal parental cells (108). In another example, the inflammatory cytokine
tumour necrosis factor o (TNFa) induces cell death in non-inflammatory cells. Although
increases in the p55 and p75 TNF receptors have been demonstrated in a number of tumour lines,
stimulation with the TNFa ligand elicits proliferation rather than cytotoxicity (73,154). Such
phenotypic changes presumably depend upon genetic mutations in key signal transduction
molecules regulating the normal cell responses to inflammatory ligands. One such molecule is the
human CL100 gene product and its mouse homolog JCH134.  Expression of CL100 is
significantly increased in fibroblasts cultured in the presence of either oxyradicals or cytokines.
The CL100 protein is a dual-specificity serine/threonine/tyrosine phosphatase that
dephosphorylates mitogen-associated protein (MAP) kinase thus limiting the duration of the
kinase-mediated proliferative signal. Overexpression of CL100 has even been shown to suppress
the continual activation of MAP kinase elicited by oncogenic Ha-ras subsequently reducing the
clonal expansion of ms-transforméd cells. M station of the cysteine residue within the
phosphatase’s active site restores the ability of activated rus to induce autonomous cell growth. In
normal cells, overexpression of the CL100 mutant results in enhanced cell proliferation when
cultures are stimulated with sub-threshold concentrations of endogenous growth factors (3).
Analogous mutations in other regulatory genes may be responsible for the sustained tumour cell

growth observed upon exposure to proinflammatory agents.

Proinflammatory agents and mutagenesis
It has also been hypothesized that chronic inflammation might predispose a cell to genetic
damage in vivo given that many proinflammatory agents have been shown to be mutagenic in

vitro.  For example, nitric oxide (NO) is a highly reactive endogenous gas that acts as a cell
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signalling molecule in a variety of tissues by activating guanylate cyclase (167,175). Its reactive
products, peroxynitrite (ONOO"), hydroxyl radicals (OH"), nitric dioxide (NO,), singlet oxygen,
and nitrosamines, are highly mutagenic, capable of inducing chromosomal aberrations, DNA
breaks, deamination, and base-pair mutations (27,168,175,192). Furthermore, exposure of non-
inflammatory cells to TPA-activated neutrophils results in chromosomal abnormalities on
chromosome 11 (a chromosome commonly altered in bladder cancer) and oxidative damage to
DNA bases (formation of thymine glycol, 5-hydroxymethy! uracil, 8-hydroxy-2’-deoxyguanosine)
(42,72,161,175,200). The mechanisms underlying this damage are, as yet, unclear. DNA
damage may be induced during the respiratory burst by hydrogen peroxide (H,0,). H,0, moves
through target cell and nuclear membranes to interact with DNA and is believed to form OH- in a
metal catalyzed Haber-Weiss reaction that appears to result in DNA base oxidation and strand
breaks (72). Other clastogenic inflammatory compounds include arachidonic acid (AA)
metabolites and oxidative products of structural cell membrane lipids. AA is released during an
inflammatory response as the result of phospholipase A2 and phospholipase C lipid membrane
remodelling and is metabolized by either the cyclooxygenase pathway to prostaglandins and
thromboxanes or the lipooxygenase pathway to eicosanoids and leukotrienes. Several
intermediates of this latter pathway, including hydroxy- and hydroperoxy-eicosatetraneonic acids,
have been shown to elicit DNA strand brea’ 'and double-minute chromosomes in vitro (174).
Oxidation of cell membrane unsaturated fatty acids generates lipid hydroperoxides and their
breakdown products, aldehydes and epoxides. These latter agents can cause DNA base mutations
and cross linking in vitro (83). Finally, leukocytes themselves may inadvertently synthesize
DNA-damaging agents. Activated phagocytes have been shown to be uniquely capable of

metabolizing a variety of exogenous procarcinogens into genotoxic agents (111,175).

Proinflammatory agents and tumour invasion
A possible role for proinflammatory agents in malignant transformation can be further
inferred from studies of tumour cell lines and characterization of tumour biopsies. Many

phenotypic features exhibited by cells during an inflammatory response are recapitulated by
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transformed cells during the metastatic process. For example, elevated levels of PAE TNFa, the
P55 and p75 TNF receptors, intracellular adhesion molecule (ICAM)-1, -2, and -3, platelet
endothelial cell adhesion molecule (PECAM)-1, and lymphocyte function associated antigen
(LFA)-1 have been demonstrated in the colon carcinoma lines HT-29, DLD-1, and CaCo-2
(52,60,70,138), in the adenocarcinoma line HEC-1A (16,143), and in primary colon carcinomas
(60), prostatic carcinomas (78), nasopharygeneal carcinomas (78), leukemias (78), melanomas
(120,230), lymphomas (63), associated metastatic lesions (78,120) and in colonic mucosa cells of
patients suffering from ulcerative colitis and Crohn’s disease (57,69,190,210). With respect to the
cell adhesion molecules (CAMs), expression of these glycoproteins on non-inflammatory cells
represents a gain of function not normally observed in non-inflamed tissue. CAMs mediate
contact between vascular endothelial cells and activated inflammatory cells by acting as receptors
for the cell surface ligands expressed on inflammatory cells. The ICAMs, for example, interact
with their ligand, LFA-1. Stimulation of receptor with ligand facilitates the adherence of
circulating phagocytes to those vascular endothelial cells in closest proximity to granulation tissue,
mediates chemotaxis, and elicits the production of additional proinflammatory agents (29, 112).
Under normal circumstances, these molecules are predominantly expressed on hematopoietic and
endothelial cells. However, as indicated above, many tumour cells are also capable of CAM
expression. This gain of function in transformed cells could, conceivably, facilitate tumour cell
interaction, promote chemotaxis of inflammatory cells to tumour sites, and assist in the migration
of transformed cells into and out of the circulatory system during metastasis. In fact, in vitro
evidence indicates that the inflammatory reactions elicited in host tissue in response to invading
tumour cells would acutally facilitate rather than impede this process. Exposure to
proinflammatory cytokines elicits additional increases in the already elevated expression levels of
CAMsin a variety of tumour lines cultured in vitro emphasizing, once again, the self-perpetuating
feedback loop that appears to regulate both inflammation and tumour progression (6,52,60,136).
Proinflammatory agents also promote the synthesis and release of degradative enzymes.
The net effect of this action is to facilitate the invasion of activated phagocytes and, by analbgy,

transformed cells through basement membrane. TNFa, for example, mediates release of
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plasminogen activators (208,235) while PAF induces collagenase expression (20) in epithelial cells
suggesting that the role of proinflammatory agents in tumour progression is not only confined to

growth deregulation but also encompasses other features of the metastatic process.

Overview

This brief review suggésts a variety of mechanisms by which inflammatory agents may
influence the development of human cancers. Figure 5 depicts a basic schematic. Activated
inflammatory cells migrate to areas of injury or irritation in response to proinflammatory
chemotactic agents released from cells in and around the damaged tissue (Figure 5A). This
process requires that inflammatory cells exit the circulation at an appropriate site proximal to the
injured tissue (via interaction between CAMs), cross the endothelial cell lining and basal lamina of
the blood vessel, extravasate and survive in a new environment, burrow through foreign tissues to
reach the injured site (via induction of degradative enzymes), mount an inflammatory response,
and promote neighbouring cell proliferation in an attempt to replace irreversibly damaged cells
within the injured tissue. It is of note that, in many respects, these activities are reminiscent of the
metastatic process. To disseminate throughout the body, solid tumour cells must degrade
surrounding tissue and extravasate through the underlying stroma until they reach a blood or
lymphatic vessel (Figure 5B). At this point, transformed cells must cross the basal lamina and
endothelial lining of vasculature, enter and survive the circulatory environment, exit the vesse! at
an appropriate location, and proliferate in a new environment in the absence of familiar growth
factors. Coincidentally, these same transformed cells are presumed to face repeated stimulation
with proinflammatory mediators synthesized and released by suﬁ‘ounding cells as part of an
inflammatory reaction to the tumour cell invasion. It is suggested that exposure to the
inflammatory environment may influence cell proliferative rates and/or play a role in the multi-step
process of geneticalterations characteristic of tumour progression. Putafive mechanisms by which
these agents could mediate de novo tumourigenesis and facilitate tumour cell growth in vivo based

on in vitro evidence are summarized in Figure 5C.
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Figure 5. Hypothetical role of chronic inflammation in tumourigenesis and tumour
progression

Schematic section through a blood vessel, dermis, and epidermis. Cell types as in Figure 1. (A) The
inflammatory response elicits migration of activated phagocytes out of the circulation, chemotaxis of
inflammatory cells through connective tissue, degradation of the surrounding ECM, and enhanced cell
proliferation of both activated inflammatory and neighbouring non-inflammatory cells.  (B) Irritation of
resident fibroblasts and epithelial cells by expanding dysplastic cells induces chronic inflammation
associated with tumour progression. (C) Possible biochemical mechanisms by which proinflammatory
agents may mediate de novo tumourigenesis and/or facilitate tumour progression.
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4. Neurodegeneration and Inflaimmation

Cell regulative disorders affecting cell number encompass not only growth deregulation but

also uncontrolled cell ablation. The consequences of these disruptions are nowhere so evident as

in the CNS. Most progressive neurodegenerative disorders are defined by substantial increases in

both the rate of glial cell growth and the rate of neuronal cell death. In the conditions listed in
Table 2, pathological alterations in cell number are invariably accompanied by the accumulation of
non-degradable proteinaceous and carbohydrate-containing lesions and, as such, are the site of

chronic inflammation (Table 2). The source of this inflammation has been hotly debated.

Traditionally, the CNS was considered to be immunologically privileged, isolated from peripheral i

inflammatory cell involvement by the blood-brain barrier. Cerebral inflammation associated with

Table 2. Inflammatory mechanisms implicated in progressive neurodegenerative disorders®

Alzheimer’s type

Cereb. amyloid angiopathy

Syndrome Characteristic Common |increased| Inflammatory
Abnormalities Pathologies| Cell Mediator
Number Increase
1. | Alzheimer's Disease Senile plaques microglia complement
Senile dementia of the | Neurofibrillary tangles astrocytes | acute phase proteins ;

macrophage col. stim,

aSummary is based on the following references (2.65.110,121,122,129,141,158,236).

factor :
2. Down Syndrome Trisomy 21 microglia i
astrocytes 4
3. Pick’s Disease Pick bodies + cells Neuronal loss | astrocytes complement
acute phase proteins g‘
4. | Diffuse Lewy Body Cortical Lewy bodies Gliosis microglia '
Disease | astrocytes H
5.1 Creutzveldt-Jacob Prion protein (PrpSC) Pe”.Od'C AC'_‘: astrocytes complement
Gerstmann-Straussler- Spongiform Schiff (PAS) microglia | acute phase proteins
Scheinker Syndromes encephalopathy deposits leuk. common antigen 1
Diffuse amyloidosis
6. | Parkinson’s Disease Nigral Cell Loss microglia | acute phase proteins §
Lewy bodies astrocytes TNFo 4
7. | Amyotrophic Lateral |Motor neuron degeneration macrophages|macrophage col. stim| i
Sclerosis microglia factor ej
8. | Hereditary Cerebral Cerebral amyloid microglia | acute phase proteins £
Hemorrhage with angiopathy ¥
Amyloidosis Diffuse plaques i

9. | Myoclonic Epilepsy Sustained neuronal

depolarization
Diffuse amyloidosis
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neurodegeneration was attributed to a loss in blood-brain barrier integrity resulting in extravasation
of circulating immune cells and proinflamamtory agents into CNS parenchyma. The presence of
these markers in diseased brain was considered to be a non-specific later-stage development of
diverse disorders without relevance to early disease etiology. However, the recentdevelopment of
specific antibodies to subsets of lymphocytes and macrophages/monocytes, major
histocompatability (MHC) antigens, complement, and acute phase proteins has permitted a
reevaluation of this principle. Remarkably, the brain has been shown to be capable of mounting
its own immunological and inflammatory defences in response to injury, synthesizing endogenous
proinflammatory and immune agents (including PAF), and activating distinct CNS inflammatory
cell types. Although these reactions can occur transiently without recourse to peripheral cell
involvement or blood-brain barrier breakdown, such pathologies often accompany chronic cerebral
inflammation.

What role do pfoinflammatory agents play in mediating chronic neurodegeneration? The
relative importance of cerebral inflammation is open to speculation. Due to the fact that
investigations of diseased human brain are necessarily descriptive in nature, it is unclear whether
induction of inflammatory response molecules in the CNS precedes the formation of

neurodegenerative lesions and, in fact, contributes to their development and/or whether exposure
to the non-degradable elements of these lesions (ie. B amyloid, periodic acid Schiff (PAS)*
deposits, aberrant prion protein (PrP%)) induces chronic inflammation and exacerbates the

preexisting disorder. Both hypotheses are supported by recent data.

Inflammatory and non-inflammatory cell types in CNS

Two distinct types of cells are found in the CNS, glia and neurons, corresponding to the
inflammatory and non-inflammatory cells of the peripheral nervous system (PNS). However,
urlike the PNS cell types, glial cells are the only CNS cell type capable of continued proliferation
and, consequently, are susceptible to the same sorts of genetic disorders and inflammatory
influences reviewed in Chapter II, Section 3 with reference to gliomas. Neurons, however, are

unique. Mature cells do not divide. Adultneurons are terminally differentiated lacking a stem cell
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population or even a committed progenitor precursor capable of additional cell growth. Immature
neurons do retain a limited capacity for cell division and pathological a]terzitionsin proliferative
potential can result in childhood neuroblastomas. Mature cells, however, have yet to be shown to
‘de-differentiate’ in order to undergo cell replication. Consequently, there are no adult

9

‘neuromas.” Neurons can, however, be induced to die. This distinctive phenotype renders the
CNS uniquely susceptible to increases in the rate of neuronal cell death.

Two types of glia, astrocytes and microglia, respond to CNS injury. Astrocytes are
analogous to PNS leukocytes. They react to immediate injury by sustained proliferation (gliosis)
and enhanced phagocytosis in order to contain contaminated tissue and scavenge toxic substances.
This ability extends not only to foreign pathogens but also to endogenous signalling molecules. In
this capacity, astrocytes are capable of limiting excitotoxicity during ischemia/reperfusion injury
and epileptic seizures through activation of glutamate uptake sites and enhanced glutamate
metabolism (156,182). However, prolonged activation as the result of chronic cerebral
inflammation may impede this ability. For example, exposure to reactive oxygen species inhibits
glutamate uptake in vitro in astrocytic cultures and potentiates excitotoxicity (182). In addition to
their role as phagocytes, specialized subsets of astrocytes maintain contact with the ependymal
cells surrounding the blood-brain and blood-CSF barrier endothelium thus monitoring the integrity
of the protective endothelial cell shell and facilitating immediate activationin the event of injury
(115). This contact also mediates more routine tasks such as shuttling nutrients through brain
parenchyma and expelling waste into the circulation.

Microglia are the more specialized glial cell responding only to chronic injury (77).
Microglia are analogous to pluripotent macrophages of the PNS in that they are the only other cell
type capable of expressing both classes of MHC antigens (5,77,121). Very little is known about
the nature of microglial subtypes except that two distinct morphologies - ramified and ameboid -
have been identified and two different progenitor populations - stem cells resident in the
ependymal lining of CNS vasculature and *brain-derived macrophages’ located in the perivascular
space - have been characterized (5,77,224). These latter cells are distinct from other CNS cell
types in that they are derived from antigenically specific monocytes that migrate into neural tissue

during fetal development and remain in the perivascular space (53,144). Once formation of the
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blood-brain barrier is complete, these PNS monocytes differentiate into ‘brain-derived
macrophages’ and lie quiescent until activated by inflammatory mediators. During viral infections,
activated ‘brain-derived macrophages’ differentiate yet again into reactive ramified microglia and,
like their PN'S counterparts, can fuse into giant multinucleated cells to provide structural support
to badly compromised tissue (see Chapter II, Section 2 and refs. (53,224)). It is not known
whether the different types of microglial precursors confer distinctive characteristics upon
differentiated daughter cells although it is quite plausible that, like PNS macrophages and
lymphocytes, particular subtypes of microglia are specified for different immunoregulatory
functions (121). For example, some microglia act as the brain’s antigen-presenting cells in
analogous fashion to B-lymphocytes, proteolytically altering foreign material to ensure binding of
the resulting peptide fragment to the MHC class II molecules (77). Whether these cells express the
same repertoire of antigen-presenting molecules required for the processing and presentation of
MHC antigen as their PNS counterparts is not yet known. Certainly, activated microglia express a
wide variety of inflammatory cell markers such as LFA-1, leukocyte common antigen, macrophage
colony stimulating factor receptor, Fc receptor, and type 3 complement receptor, indicating that, as
a group, they assume many of the same functions as specialized PNS inflammatory cell types

(2,5,121,224,228).

Chronic inflammatory processes and neurodegenerative lesions

The differences in CNS cell proliferative abilities underline the severe limitations placed on
the brain’s ability to compensate for anomalous increases (or decreases) in cell growth and cell
death. In fact, the terminally differentiated state of adult neurons renders the CNS uniquely
susceptible to disorders of cell ablation. While cell death is a necessary and natural process in the
developing CNS (contributing to the formation and organization of the spinal cord, sympathetic
ganglia, retina, and corpus callosum (207)), any sustained disruption in the homeostatic regulation
of healthy neurons leading to their premature demise results in irreversible pathology. Accelerated
neuronal death has been shown to be mediated, in vitro, by proinflammatory agents released by
activated glia. These agents can have opposite effects in neurons and glia. For example,

conditioned medium from activated microglia stimulates astrocytic proliferation while inducing



-24-

neuronal death. These effects are the result of enhanced interleukin-1 and glutamate synthesis
respectively (81,179). Since microglia are activated only during the cﬁ1‘0nic phase of the
inflammatory response in vivo, increasesin the rate of astrocytic division presumably serves to
limit the extent of neuronal death by scavenging the excess glutamate released by microglia.
However, as indicated above, this activity can become impaired after prolonged exposure to
oxyradicals (ie. during chronic inflammatory conditions). Increased levels of reactive oxygen
species have been localized in the CNS to areas exhibiting the greatest numbers of
neurodegenerative lesions (50,121). Furthermore, exposure to oxyradicals has been shown in
vitro to recruit additional cell types into the production of plaque precursor molecules. For
example, TPA has been shown to stimulate -amyloid precursor protein (APP) expression in
endothelial cell culture by activation of the TPA responsive element in the APP promoter (121).
Oxyradicals can also permanently damage terminally differentiated neurons (50,123). Increased
expression of NO synthase by both neurons and gliain response to LPS and cytokines has been
associated with enhanced cytotoxicity (170).

Inflammation is common to most (if not all) progressive neurodegenerative disorders.
Proinflammatory agents are produced predominantly by activated glia although neurons have been
shown to be capable of limited synthesis following injury or upon specific stimulation (for a
review see (121). As indicated above, inflammatory responses appear to be confined to
neurodegenerative plaques in degenerating brain. For example, increases in the numbers of
proliferating microglia in Alzheimer’s Disease, Down Syndrome, Parkinson’s Disease, and
Huntington’s Disease are limited to the immediate vicinity of B-amyloid containing lesions and
extracellular neurofibrillary tangles and not throughout injured tissue (39,121,198). The degree of
cellular activation depends upon the conformation of the deposit. Diffuse amyloid plaques, such
as those found in the cerebellum of Alzheimer’s patients and within the cerebrum of patients
suffering from prion-related disorders, are infiltrated by fewer microglial processes than concerted
B-amyloid deposits (141,195). Furthermore, the increased concentrations of such inflammatory
mediators as interleukin-1, S-100 protein, and glial fibrillary acidic protein (GFAP) observed in

the cerebrum of patients with Alzheimer’s Disease can be attributed to upregulation of both mRNA
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surrounding neurodegenerative lesions (14,86,121,151,229). While these observations provide
evidence for the existence of numerous chronic inflammatory responses within Jdiseased brain, itis
difficult to determine whether a prolonged infiammatory reaction (1) contributes to the etiology of
the initial lesion, (2) results from chronic irritation elicited by pathological CNS deposits, and/or
(3) plays a dual role in both the pathogenesis and progression of neurodegenerative plaques and
tangles.

Certainly, glial cell activation is elicited by plaque components. For example, astrocytes
have been shown, both in vitro and in vivo, to synthesize TNFq, interleukin-1, and basic
fibroblast growth factor (FGF) upon exposure to lipopolysaccharide (LPS) or B-amyloid
(105,106,121). However, glia are also capable of producing APP and processing the precursor
into aberrant B-amyloid (37,121,194,201). Again, these abilities are mediated by agents released
within the inflammatory environment. For example, interleukin-1 and FGF have been reported to
induce APP expression in glial cell culture (121,201). This effect is achieved through protein
kinase C (PKC) activation resulting in AP-1 complex formation and interaction with the AP-1
binding site on the APP promoter (121). At high concentrations, APP has been shown to be
proteolytically altered by activated microglia into B-amyloid (194). Microglia are also capable of
synthesizing in vitro many of the glycoproteins found in vivo at the core of amyloid-containing
plaques (198). It is not difficult to envisage how these feedback loops could exacerbate chronic
neuropathology. As indicated above, FGF stimulates APP expression while proteolytically altered
B-amyloid stimulates FGF production in astrocytes (121). In a more involved feedback loop,
proinflammatory agents exert both positive and negative effects on neurodegenerative lesions.
Interleukin-1 and TNFa have been shown to promote the production of interleukin-6 as well as to
increase interleukin-6 receptor levels in both neurons and glia in vitro (121). This mechanism may
explain the increased cytokine expression observed in vivo around senile plaques (10,121). Since
interleukin-6 mediates hepatic synthesis of a repertoire of acute phase proteins including
o2macroglobulin, it probably exerts similar effects in the cerebrum thus compounding the regional
inflammatory response (198). In support of this hypothesis, increases in a2macroglobulin

receptor have been demonstrated throughout neurodegenerative plaques in vivo (217). The



26-

o2macroglobulin receptor also regognizes the complement regulatory protein, clusterin, as a
ligand. Clusterin mediates immune differentiation of ‘self” from ‘non-uself’ by binding to
autologous tissue and preventing complemént mediated lysis (See Chapter I1, Section 2 and ref.
30). Clusterin mRNA expression and protein are selectively up-regulated in both experimental
lesions and neurodegenerative plaques and can be induced in vitro in astrocytic cultures by TGF,
interleukin-,and/or TNFo treatment (131b,118,148,153). In neurodegenerative plaques, it is not
yet known whether clusterin acts to protect neighbouring healthy neurons or whether clusterin
‘hides’ the presence of chronic lesions from the cerebral immune system. Finally, as in the PNS
inflammatory responses, activated phagocytic cells secrete a wide variety of proteolytic enzymes
that facilitate access of inflammatory phagocytes to the lesion sites by destabilizing the surrounding
extracellular matrix. For example, microglia can be induced to secrete plasminogen activator

inhibitor (1). Loss of parenchyma integrity could, potentially, trigger production of normal and
pathophysiological ECM components such as APP, B-amyloid, and the vast repertoire of PAS™

glycoproteins associated with neurodegenerative plaques and tangles in a non-productive attempt
to stabilize the surrounding matrix. These data implicate the inflammatory cascade in both the

etiology and the progression of neurodegenerative lesions.

Immune-mediated inflammatory responses: activation of complement

The brain is the only organ other than the liver capable of generating complement factor
mRNAs (117,231). Expression is chronically unregulated in progressive neurodegenerative
disorders suggesting that sustained complement fixation may play a role in exacerbating
neurodegenerative damage (65,110,117,121,122,231). This speculation gains credence when one
examines the mechanisms underlying activation. The complement cascade in the human brain
appears to be exclusively generated through the classical pathway given that CNS tissue cannot
generate crucial alternative pathway components (151). As described earlier (Chapter II, Section
2), classical pathway complement activation requires an antigenic target to elicit binding and
proteolytic activation of C1. However, unlike liver-derived molecules, C1q in the CNS does not

require the formation of intermediate IgG or IgM immune complexes to recognize offending
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epitopes (151,189). Instead, in the case of Alzheimer’s Disease, Downs’ Syndrome, Pick’s
Disease, and prion conditions, Clq is preferentially directed against highly aggregated B-amyloid
polymers (65,110,121,122). In prion-related disorders, complement and other acute phase
proteins are not associated with PrPS®-containing plaques but are found within amyloid-containing
lesions indicating specificity for the B-amyloid molecule (122,123). Diffuse amyloidosis,
characteristic of lesions found within the cerebellum of patients suffering from Alzheimer’s
Disease or in cerebrum of patients afflicted with prion-associated disorders, is affiliated with fewer
complement components than the concerted B-amyloid deposits localized to the cortex of
Alzheimer’s, Down’s, or Pick’s patients (65,139). As in the PNS, B-amyloid-induced
complement cascade culminates in the assembly of MAC. In the CNS, MAC appears to be
exclusively directed against neurons (151). Attempts have been made to determine how MAC is
so specifically targeted. It is presumed that B-amyloid stimulates the release of downstream
complement factors from neurons that signal to phagocytic glia the presence of cerebral
contamination (189). Activated glial cells initiate an immune response and direct MAC assembly
against irreversibly damaged cells (238). Certainly, B-amyloid has been shown to be cytotoxic to
neuronal cultures in vitro (71,126). Furthermore, Clq and C3 mRNA have been shown to be
expressed exclusively by microglia and astrocytes (91,121,151) while C4 mRNA is predominantly
associated with neurons (117). Again, it is important to note that CNS complementis produced
locally in response to injury since circulating components, mobilized in majority of PNS
responses, are unable to cross the blood-brain barrier.  This characteristic limits the extent of the
immune response to those cells producing later-stage components of the MAC and permits specific

cell death targeting rather than regional responses.

Overview

Two mechanisms are proposed by which inflammatory responses may result in sustained
cell death. One possibility is referred to as the ‘bystander lysis’ mechanism (121).  According to
this hypothesis, a futile complement cascade is initiated in response to neuronal contact with -

amyloid. Given the insoluble nature of the protein, fixation of B-amyloid-containing cells fails to
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completely lyse the offending protein and a chronic inflammatory condition develops. C3b,
continually secreted by activated glia, promotes phagocytic interaction, chembtaxis to the site of
damage, and prolonged gliosis. C3a and C5a induce synthesis and secretion of additional
proinflammatory agents inducing vascular permeability in neighbouring capillaries. Extravasation
of circulating material compounds the response by introducing activated peripheral inflammatory
cells into the privileged environment of the CNS. Ultimately, MAC targeting of injured neurons is
extended to include neighbouring healthy cells. In short, the inability of complement fixation to
successfully remove the offending ‘antigen’ results in a breakdown in the ability of CNS cells to
differentiate ‘self’ from ‘non-self” and subsequent autologous tissue destruction. The veracity of
the ‘bystander lysis’ mechanism remains highly speculative given that it assumes that the
multiplicity of complement regulatory proteins such as clusterin, CD59, and C4 binding proteins
are unable to protect against ambiguity in ‘self/non-self’ determination. Needless to say, this
assumption is highly controversial (22b.121.183.225). Alternatively, inflammatory agents
released during chronic inflammation may actually mediate the formation of neurodegenerative
lesions and directly induce cell death by promoting the synthesis and activation of B-amyloid. As
indicated above, astrocytes and microglia can be stimulated to produce APP and process this
precursor into non-degradable B-amyloid in the presence proinflammatory agents. B-amyloid acts
not only as an antigenic determinant or irritant, but also directly activates the complement cascade
and induces neuronal death. Thus, glia process B-amyloid that, in turn, elicits neuronal cell death
and maintains production and proteolytic activation of C3, increasing the rate of non-specific cell
fixation and gliosis and promoting chronic inflammation thereby exacerbating the entire
neurodegenerative process (91,236).

In summary, the identification of a unique CNS inflammatory response and its intimate
relationship with neurodegenerative lesions suggests that the accelerated neuronal death observed
in progressive neurodegenerative disorders may be influenced by repeated exposure to

proinflammatory mediators.
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S. Platelet Activating Factor

As evidentin the previous reviews, proinflammatory agent is a general term denoting a
number of diverse compounds. Specifically, these agents have been categorized into complement
factors and inhibitors, acute phase proteins and associated factors, serpins and coagulation factors,
cytokines and lymphokines, cell adhesion molecules, and inflammatory autacoids. PAF or 1-0-
alkyl-2-acetyl-sn-glycero-3-phosphocholine is an inflammatory autacoid. The term platelet
activating factor is, however, highly misleading since the ligand possesses a wide range of
biological activities that have far-reaching effects over a variety of cells and tissues other than
platelets. In fact, rat platelets are one of the few cell types definitively shown not to express PAF
receptors (226).

PAF first appeared in the literature in 1972 when Benveniste et al. isolated an endogenous,
soluble substance released from IgE-stimulated basophils that was capable of inducing platelet
aggregation at remarkably low concentrations (22). This same factor was concurrently identified
by Muirhead and associates as Antihypertensive Polar Renal Lipid (APRL), a hypotensive agent
generated in the kidney (162). It was not until 1979 that the chemical structure of both PAF and
APRL was identified as 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine and the two compounds
recognized as the same agent (23,28,56). Presently, PAF continues to be the generic term used to
describe the growing family of endogenous bioactive l-alkyl-2-acetyl-sn-glycero-3-
phosphocholines and related plasmalogen analogues (152,173,216). The most potent of these

agents are depicted in Figure 6.

H,COR . .
o Figure 6. Chemical structure of PAF
» 11
CH ;COCH Thetwo predominant molecular species of the PAF family are indicated by
9 + the R group at the sn-1 position as CieHazor C,gHa7- Unless otherwise
HoCOPOCH ,CHoN(CHg )3 stated, these two forms are referred to collectively as PAF in all of the
O- experiments reviewed or described in this thesis.

PAF: General principles

PAF occupies an unique position in the extensive list of endogenous ligands. The
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compound was the first naturally produced, biologically active, phospholipid ever isolated (22).
Its receptor was the first lipid-activated binding protein to be cloned (1()’2). Perhaps most
importantly, PAF ranks as the most potentlipid mediator yet identified (209). Reliable biological
responses can be elicited at concentrations as low as 1 fM within 1 min of exposure (25). In
vivo, PAF concentrations have been shown to range between | pM - 1 M, considerably less than
its critical micelle concentration estimated to be approximately 3 uM (17). PAF elicits a wide
variety of responses in different cell types including vasodilation (119), smooth muscle contraction
(54), angiogenesis (7), inflammatory cell activation (12,19,41,59,61,100,130,150,155,177,206),
respiratory burst (75,87,100,125,142), cytokine production (32), blastocyst implantationin the
epithelial cell lining of the uterus (93,240), neuronal differentiation (127), and apoptosis (66). As
indicated in Figure 7, PAF contributes to almost every facet of inflammatory cell activation. In
platelets and polymorphonuclearleukocytes, PAF induces a powerful proinflammatory response
stimulating cell aggregation (41,61,177,181,206,219), degranulation (19,61,89,137), adherence
to endothelial cells (12,59,100,130,150,155), chemotaxis (157,176.233), and superoxide
production (75,87,100,125,142).  In non-inflammatory cells, PAF increases cytokine production
(107,184,190), induces calcium transients (127), stimulates oxyradical generation (184), and may
play a role in inducing cell proliferation (143,159) and cell differentiation (127). At higher

concentrations or with extended exposure, PAF can have profound pathophysiological
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consequences implicating the ligand in the pathogenesis of such diverse conditions as ischemia
(31,101,196}, asthma (104,233,237), diabetes (98,181,203), endotoxic shock (85,92), cholera
(90), liver cirrhosis (58,213), arthritic conditions (64,243), autoimmune disorders (147), and
chronic inflammatory conditions (43,57). These disorders are often accompanied by disruption of

tightly regulated PAF metabolic and catabolic pathways (64,101,147,196).

Metabolism: Synthesis and catabolism

PAF is produced by mammalian cells in response to such proinflammatory agents and
immune molecules as thrombin, TNFa, interleukin-1, histamine, zymosan, fMet-Leu-Phe,
immunoglobulins and complement (45,68,135,180,209,227). Two different biosynthetic
pathways - de novo synthesis and ‘remodelling’ - have been identified. The de novo pathway is
predominantly responsible for basal level regulation of the ligand, generating both the potent
CieHsz or C18H37 molecular species and the plasmalogen analogues (Figure 8). Inducible PAF-
mediated cell signalling, however, requires a more rapid synthesis of ligand than thatafforded by
de novo production. Inflammatory cell types have been shown to form large quantities of PAF via

a two step ‘remodelling’ of a specific family of ether-linked phospholipids, alkylacylglycero-

alkyllysoglycerophosphate alkylacetyiglycerophosphate  alkylacetylglycerol platelet activating factor
H,COR H,COR H,COR HoCOR

HOCH == CH COCH—& CH3000H —> CHZCOCH

acetyl-S-CoA CDP-choline
Q +
2- HoCOPO L2 H,COH H,COPOCH, CH,N(CH
HyCOPO3 P 3 2 2COPOCH,CH,N(CHg) 5
o-

Step 1: an acetyl-CoA:alkyl- Step 2: an alkylacetylglycero-  Step 3: a dithiothreitol-
lysoglycerophosphate acetyl- phosphate phosphohydrolase insensitive cholinephospho-

transferase substitutes an removes the phosphate group transeferase completes the
acetate group for the hydroxyl at the sn-3 position transfer of phosphocholine
group at the sn-2 position from CDP-choline to PAF

Figure 8. De novosynthesis of PAF

De novo production of PAF from an O-alkyl derivative of lysophosphatidic acid is analogous to the
biosynthesis of phosphatidylcholine. Three main steps are involved: (1) acetylation, (2) phosphate
hydrolysis, and (3) phosphocholine transfer from CDP-choline to a diradylglycerol. The enzymes
involved in this pathway are calcium independent. R=CqgHagor C1gH37.
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alkylacylglycerophosphocholine lyso-platelet activating factor platelet activating factor
H,COR H,COR H,COR
arachidonic acid ‘
O o)
f ]}
acety!-S-CoA
0 + Q + Q +
H2CO?OCH20H2N(CH3)3 HzcogOCHZCHzN(CH3)3 HZCOEOCHZCHZN(CH3)3

O- - -

Step 1: a calcium-dependent  Step 2: a caicium-dependent
phospholipase A, hydrolyzes acetyltransferase associated

the long-chain acyl moiety at ~ With the endoplasmic
the sn-2 position. reticulum esterfies acetate to

the sn-2 position
Figure 9. ‘Remodelling’ of PAF
The remodelling route of PAF biosynthesis involves only two steps: (1) fatty acid hydrolysis of a subclass

of membrane structural components identified as alkylacylglycerophosphochoeline and (2) acetate transfer
at the sn-2 position. Each step is, however, calcium-dependent, and is stimulated by increases in

intracellular calcium concentrations. F(:C1 6H33 or C1 8H37*

phosphocholine (AAGPC), resident as structural components in cell membranes (Figure 9).
Metabolism through the ‘remodelling” pathway is triggered, in part, by transient increases’
in intracellular calcium concentrations. Of additional considerationis the fact that the long-chain
fatty acids released from the sn-2 position of the parent lipid during PAF metabolism are
predominantly polyunsaturates, specifically AA. AA can then be converted into a variety of potent
bioactive eicosanoid mediators (ie. prostaglandins and leukotrienes via cyclooxygenase
metabolism and 5-HETE metabolites via lipooxygenase metabolism). As a result, PAF
‘remodelling’ is usually accompanied by a metabolic cascade of AA-derived second messengers.
The duration of PAF signalling is tightly controlled. This regulation ensures an in vivo
half-life of PAF in plasma of 2-12 min depending upon local conditions and systemic illness
(84,133). PAF catabolism is depicted in Figure 10. Inactivation of PAF is achieved through the
actions of PAF-specific intracellular and extracellular acetylhydrolases, isolated from both plasma
and a wide variety of tissues (8,96,113,133,165,178,210,241). These enzymes are part of the

calcium-independent phospholipase A, family (96). Hydrolysis of the acetyl group at the sn-2
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intracellular calcium increases. moiety at the sn-2 position.
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dependent.

Figure 10. Catabolism of PAF
PAF degradation involves two steps: (1) deactylation and (2) substitution of a long-chain acyl group for

the hydroxyl group at the sn-2 position. The process is calcium dependent and is inhibited by increases
in intracellular calcium concentrations.

position generates lyso-PAF a related phospholipid that lacks specific biological activity but can be
cytotoxic due to the detergent properties associated with the hydroxyl group at the sn-2 position.
Lyso-PAF is rapidly converted to a structural lipid component of cell membranes by substitution of
a long chain fatty acid at the sn-2 position. Since lyso-PAF is not only PAF’s primary metabolite
during catabolism but also its immediate precursor in the ‘remodelling” pathway (Figure 9), it is
tempting to envisage how metabolic feedback loops might be established during an inflammatory
response ensuring prolonged PAF turnover and/or repeated transient exposure (84,90). A variety
of mechanisms would be involved. For example, inflammatory stimuli such as TNFa,
interleukin-1, and LPS, that stimulate PAF ‘remodelling’ have been shown to also inhibit
acetylhydrolase secretion (166). In chronic inflammatory conditions, exposure to these ligands
could raise local PAF concentrations and extend the compound’s half-life. Conversely, thrombin
and PAF augment the synthesis and release of both additional PAF and PAF-specific

acetylhydrolases (128,169) Exposure to these ligands could result in sustained ligand turnover.
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Signal transduction

PAE like other related lipid mediators such as the prostaglandins and léukotriencs, exerts
its effects by acting on unique cell-surface reéeptors. In 1991, Honda et al. successfully cloned
the extracellular PAF receptor (PAFR) ¢cDNA from guinea pig lung representing the first lipid-
binding receptor ever sequenced (102). The cDNA for the same molecule has been subsequently
identified in rat spleen (26), human heart (214), and human leukocytes (132,239). Sequence
analysis (26,102,132,214,239) and pharmacological characterization (34,109,134) have
demonstrated that the cell-surface PAFR is a seven-transmembrane spanning G protein-linked
receptor homologous to the B-adrenergic and rhodopsin binding proteins (79). A schematic of the
molecule is depicted in Figure 11.

PAFR mRNA is expressed at extremely low levels in human heart, spleen, lung, kidney,
and brain and somewhat more intensely in peripheral white blood cells (26,163). Two different
transcripts have been identified driven by two different promoters alternatively spliced onto the
same open reading frame (26). Pharmacological studies have identified high and low affinity
binding sites on smooth muscle cells, leukocytes, macrophages, eosinophils, and Kupffer cells
(36,46,88,97,99,114,145,199,220,226). Specificity of binding has been shown to be absolutely

dependent upon the acetyl moiety at the sn-2 position of the PAF ligand and, to a lesser extent,

Figure 11. Extracellular PAF Receptor

Diagrammatic representation of the 342 amino

NH2 m Cﬁ ﬁ acid sequence generated from the guinea pig
Extracellular 15 173 lung PAF receptor (102). The molecular mass
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modulated by the ether linkage at the sn-1 position and the polar head group containing choline at
the sn-3 position (33). The kinetics of receptor binding are altered by exposJure to the ligand or
downstream effector molecules. Prolonge'd treatment with either PAF or prostaglandin E2
selectively desensitizes cellsto PAF (116). It is important to note that prostaglandin E2 does not
directly bind to PAF receptors (116). The mechanisms underlying this phenomenon remain
ambiguous. Deactivation has been attributed to both diminished aftinity and diminished receptor
number (74,76,116,164,172,215). More recently, it has been suggested that the phosphorylation
state of the PAFR alters ligand-binding potential. PAF-induced kinase activity resulting in
phosphorylation of PAFR has recently been reported to down-regulate receptor sensitivity (215).
How this down-regulation is accomplished remains unclear although it is possible that
phosphorylation induces receptor internalization (80).

In inflammatory cells, activation of the PAF receptor has been shown to cause a number of
early biochemical changes in cells commonly associated with signal transduction mechanisms. A
schematic overview of these events is presented in Figure 12. PAF-induced changes include
calcium transients (75,188), arachidonate (21,131,134,223) and phosphoinositide (46,164,242)
turnover, protein kinase C (PKC) activation (171,232), increases in tyrosine phosphorylation
(44,82), stimulation of interleukin-4, c-fos, and EGR-2 mRNA expression (18,149), and
synthesis and release of interleukin-8 and TNFo (14). In addition, PAF stimulates phospholipase
A, activity thus promoting not only its own synthesis in target cells but also generating
prostaglandin and leukotriene second messengers (13). At low concentrations, the ligand works
synergistically with other proinflammatory agents to perpetuate the inflammatory response
(13,14). Although the effects of PAF on non-inflammatory cell types have not been as extensively
studied, the ligand has been shown to induce calcium transients, activate MAP kinase (103),
increase c-fos, c-jun, ziff268, and TPA-Inducible Sequence (TIS-1) mRNA expression
(40,46,55,127,143,211,221,222,239), and activate secondary response genes containing AP-1
responsive elements in their promotors in both murine and human cells of fibroblast, epithelial,
neuronal and astroglial origin (211).

PAF acts not only on specific cell surface receptors but also on intracellular receptors

pharmacologically characterized (45,476,202,226). In this way, PAF has been shown to be not
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Figure 12. PAF-induced signal transduction
Schematic depicts cell membrane and nucleus. Signalling pathways known to be stimulated by PAFin a

number of cell types are represented (see text). Dashed lines indicate unknown intermediates.
Abbreviations are as defined in Chapter .

only an extracellular ligand but also a second messenger, synthesized and retained in response to
extracellular stimulation. In fact, it would appear that the vast majority of cells stimulated to
produce PAF retain more of the ligand than they secrete (33,45,209). Both extracellular and
intracellular increases in local PAF concentrations have been implicated in PAF-mediated
pathophysiology. Accumulation of intracellular PAF may also act in receptor-independent fashion.
For example, in rat Kupffer cells, there is a small residual PAF-specific calcium influx that cannot
be attenuated by PAF antagonist administration (212). The biological relevance of this activity has

yet to be determined.

PAF and cancer
Circulating PAF levels are reported to be elevated in Crohn's disease, a preneoplastic

inflammatory disorder, (35,67,210) as well as in prostatic carcinoma (78), leukemia (78),
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nasopharyngeal carcinoma (78), histiocytic lymphoma (78), and metastatic melanoma (78).
Although increased ligand concentrations are predominantly associated with an increase in
inflammation, substantial PAF levels have. also been demonstrated in tissues devoid of
inflammatory cell infiltration. For example, increased PAF concentrations have been found in
colonic mucosa of Crohn’s disease patients in the absence of an enhanced inflammatory cell
response (210). The relative importance of these alterations to the underlying pathophysiologies is
unknown. As mentioned above, Maggietal. (143) have demonstrated that PAF is responsible for
maintaining the continued proliferation of an endometrial carcinoma cell line in virro by
establishing a mitogenic autocrine feedback loop while Bazan et al. (20) have shown that PAF can
induce collagenase expression in corneal epithelial cells. It is possible, then, that the increased
concentrations of PAF observed in vivo in preneoplastic and metastatic disorders may play a role
in mediating tumour cell growth and/or degradation of ECM related to tumour cell metastasis.
Paradoxically, synthetic PAF and lyso-PAF analogues have been used as chemotherapeutic
agents. The antineoplastic potential of ether-linked lipids has been widely reported with respect to
their cytotoxicity, ability to induce tumour cell differentiation, and immune modulating effects
(9,24,160,186,204). Unlike many other antitumour agents, ether lipids do not appear to induce
DNA damage (9,160,186,204). None of PAF’s synthetic analogues, tested for chemotherapeutic
value, stimulate PAFR. However, cell kinetic experiments demonstrate that these analogues are
capable of inducing both a G, and a G, block in the cell cycle as well as attenuating the transition
from late S to G,. The point of arrest depends upon which stage of the cell cycle tumour cells are
in when first exposed to the phospholipid (9,24,160,1876,204). How these effects are mediated
remains unknown. It is hypothesized that PAF analogues disrupt lipid metabolism and
consequently compromise cell membrane integrity (160). In sharp contrast to the synthetic
analogues, endogenous ligands do not exert antineoplastic actions. The concentrations of PAF and
lyso-PAF required to elicit comparable gross cytotoxicity are physiologically irrelevant and show
no specificity for rapidly cycling tumour cells compared to normal cells (24,160,186,204).
Furthermore, unlike their non-metabolizable counterparts, the limited cytotoxicity induced by
physiologically relevant concentrations of PAF and lyso-PAF can be attenuated by administration

(or endogenous exposure) to growth factors (9).
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PAF and neurodegeneration .

PAF metabolism is tightly regulated in brain. Transient exposure to low concentrations of
the ligand induces neuronal differentiation (127), long-term potentiation (48,124), and immediate
early gene expression in neurally derived cultures in vitro (146,211) while extended exposure to
high concentrations of the ligand induces cytotoxicity (127). Endogenous overproduction and/or
a failure to inactivate the phospholipid have been implicated in the pathophysiology of ischemia/
reperfusion injury (62,211,217), meningitis (38,218), epileptic brain damage (21,146), and CNS
developmental disorders (95). With respect to this latter problem, a bovine brain PAF-specific
acetylhydrolase has recently been purified and shown to be a heterotrimer consisting of a 45, 30,
and 29 kD subunit. The 45 kD subunit has been cloned and identified as the bovine homolog of
human LIS-1, the causative gene underlying Miller-Dieker lissencephaly, a human brain
deformation syndrome manifested by a smooth cerebral surface and abnormal neuronal migration
resulting in profound retardation (95). These data indicate a role for PAF in brain development

and cerebral insult.

Overview/ Thesis questions

Do endogenous proinflammatory agents influence tumour progression and provoke
progressive neurodegeneration? Certainly, sustained inflammatory responses are intimately
involved in the pathophysiologies complicating these disorders. However, the relative importance
of this involvement remains speculative. The literature suggests that a variety of proinflammatory
mediators may contribute to cell regulatory disorders affecting cell number. PAF’s powerful
proinflammatory abilities coupled with preliminary evidence that the ligand can affect both the rate
of cell growth and cell death in vitro in receptor-mediated fashion identifies the autacoid as an
promising candidate molecule. To determine whether PAF has the potential to contribute to tumour
progression and neurodegeneration, this thesis is divided into four sections designed to investigate

the following questions:
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(1) Can PAF selectively mediate cell growth and cell death in non-inflammatory cell

types (Chapter III: Transformation Potential)?

(2) What signal transduction pathways are responsible for PAF’s effects in fibroblasts

and epithelial cells (Chapter I'V: Signal Transduction)?

(3) Can PAF elicit additional phenotypic alterations in cells already transformed

(Chapter V: Tumour Progression)?

(4) Is PAF implicated in the pathogenesis of chronic lesions in an in vivo model of

progressive neurodegeneration (Chapter VI: Neurodegeneration)?
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1. Introduction

Does PAF play a role in mediating cell regulatory disorders related to human cancers?
Tumour formation represents a breakdown in the balance between cell proliferation (cell division)
and withdrawal from the cell cycle (terminal differentiation or cell death). To assess whether
exposure to PAF contributes to either of these phenomena, primary cells were isolated and tested
for prolonged in vitro alterations in growth kinetics (phenotypic transformation) following PAF
treatment. In each of the following series of investigations, two experimental models were
employed. PAF was administered to primary rat embryo cells (RECs) and selective changes in the
rate of cell growth and/or the rate of cell death were determined. To demonstrate relevancy to
human cancers, primary human fibroblasts (HFs) were treated with PAF and assayed for
phenotypic transformation. Specific alterations in growth kinetics in both cell lines were then
characterized and preliminary attempts made to identify underlying mechanisms mediating these

PAF-induced effects.
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2. Mitogenicity and Active Cell Death Induced by PAF

Abstract

The mitogenic and cytotoxic potential of PAF was determined by treating quicscent RECs and HFs with
0.001 nM - 1 uM PAF forup to 72 hr and assaying for changes in growth kinetics. RECs arc a mixed
population of rodent cells, explanted from day 14-16 Sprague Dawley embryos. Third passage RECs arc
composed predominantly of fibroblasts (>90%), with a sizable sub-population of cpithelial cells
(approximately 10%) and occasional neuronal and muscle cells (<0.19%). HFs are a primary explant of .
diploid neonatal human fibroblasts derived from neonatc foreskin.  In both cell lincs, PAF was found to
elicit an inverted U dosc-response curve. Low doses of ligand (0.001 - 0.1 nM) increased incorporation of

[3 H] thymidine into DNA and augmented cell number. /n situ hybridization demonstrated that this increase
in radiolabelling was the result of DNA synthesis indicative of cell proliferation and not of DNA repair
suggestive of genctic damage. High doses of PAF (10 nM - 1 uM) decrcased [3 H] thymidine incorporation
into DNA andinduced cell loss. Morphological changes accompanying cell death were characteristic of an
active cell death process. This evaluation was confirmed by demonstration of nucleosome ladders in
isolated DNA. These dataindicatcthat PAF is capable of dosc-dependently modulating both the rate of cell
growth and the rate of cell death in RECs and HFs.

Introduction

The clonal expansion of a tumour cell requires either a prolonged increase in the rate of cell
growth or, conversely, an unregulated decrease in the rate of cell death. Sustained increases and
decreases in cell number are readily observed during inflammation in which both inflammatory and
non-inflammatory cells in and around a site of injury produce autocrine and paracrine factors that
maintain cell growth or, conversely, elicit cell death (Chapter II, Section 2). These responses
facilitate the containment of toxic agents, removal of damaged tissue, and wound repair. Given
the association between chronic inflammatory conditions and increased predisposition to cancer, it
was hypothesized that PAF may be capable of regulating cell growth in non-inflammatory cells
leading to a sustained increase in overall cellnumber. To determine whether the proinflammatory
agent can mediate cell proliferation and/or cell death in fibroblasts and epithelial cells, quiescent
RECs and HFs were chronically exposed to different doses of the ligand and assayed for changes

in cell number, morphology, and DNA integrity.
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Materials and Methods
Cells and Culture Conditions

Primary REC cultures were prepared from day 14-16 Sprague Dawley rat embryos
(Charles Rivers, PQ). Freshly dissected embryos were homogenized, incubated in 0.5% trypsin
(Gibco, Ont), 5.3 mM ethylenediamine tetraacetic acid (EDTA; Sigma, MO), and dissociated into
single cells. RECs were suspended in Dulbecco's minimal essential medium (DMEM:; Gibco,

Ont) plus 10% fetal calf serum (FCS; Flow Laboratories, VA) (DMEM+10%FCS), seeded at a

density of approximately 6x106 cells per 15 cm dia. tissue culture dish, and allowed to grow for 2
days at37°Cin a 5% C02/95% air atmosphere. While still sub-confluent, cells were trypsinized
and either passaged in fresh medium or stored at -100°C. Samples of third passage cells were
determined to be mycoplasma-free as judged by staining with a fluorescent dye, Hoechst 33258,
and by reverse transcriptase-polymerase chain reaction (RT-PCR) analysis as described in Chapter
IV, Section 2 using probes from a commercial mycoplasma detection kit (Stratagene, NY).
Normal human diploid fibroblasts (HFs) were prepared from neonatal foreskins essentially
as described (19) and grown in DMEM+10% FCS (Gibco, Ont). While still sub-confluent, cells
were trypsinized and either passaged in fresh medium or stored at -100°C. Samples of third

passage HFs were determined to be mycoplasma-free, as described above.

Cell characterization

The REC population was characterized immunohistochemically and by flow cytometry.
For immunohistochemistry, third passage RECs were plated at a density of 1,000 cells on gelatin-
coated 22 mm? glass coverslips, washed in phosphate buffered saline (PBS; 154 mM NaCl, 10
mM sodium phosphate, pH 7.2), fixed in cold 3.7% formaldehyde for 10 min, washed in PBS,
exposed to 1% normal goat serum in PBS for 30 min at 25°C, and reacted at 37°C for 2 hr with
monoclonal anti-vimentin (IgM: 1:100, Sigma). Antibodies were diluted in Ab buffer (154 mM
NaCl, 100 mM sodium phosphate, pH 7.2, 3% bovine serum albumin (BSA), 0.3% Triton X-
100). Samples were washed and immunopositive cells were visualized with a Texas Red-

conjugated total Ig goat anti-mouse secondary antibody (1:100, Oncogene Science, NY). Sections




-46-

were then double-labelled with one of the following primary antibodies: monoclonal anti-rat
endothelium (1:100, Serotec, Ont), monoclonal anti-cytokeratin 8.13 (1:100, Sigma, MO), rabbit
anti-GFAP (1:100, Sigma, MO), rabbit anti-neurofilament 200 kD (1:100, Sigma, MO), or rabbit
anti-desmin (1:50, Serotec, ONT). Samples were washed in PBS and immunopositive cells
visualized with a fluoroscein-conjugated IgG-specific goat anti-mouse or goat anti-rabbit (1:100,
Oncogene Science, NY) secondary antibody diluted in Ab buffer. For flow cytometry,
subconfluent third passage RECs were removed from culture by addition of PBS + 2 mM EDTA
and diluted to 100,000 cells/sample. Cell samples were fixed in cold 3.7% formaldehyde for 3
min with vigourous vortexing, reacted with primary antibodies as described above, washed with
PBS, and labelled with a fluoroscein-conjugated total Ig or a IgG-specific goat anti-mouse or a
goat anti-rabbit secondary antibody (1:100, Oncogene Science, NY) as appropriate. Cells were
then washed with PBS and suspended in 1 ml PBS for flow cytometric analysis using an Epics

flow cytometer (Coulter, Ont).

Treatment and assay conditions

Exponentially growing third passage RECs or fourth passage HFs were trypsinized and
100,000 cells per 6 cm tissue culture dish were allowed to attach overnight in complete medium
(DMEM+10% FCS). Cultures were then made quiescent by incubation in low serum medium
(DMEM+0.5% FCS). Time until quiescence was determined by monitoring [*H]thymidine
(Dupont, Ont) incorporation into DNA, Cells were pulsed with [methy!-*H]thymidine (0.1
uCi/ml) for 6 hr per test point. Cultures were then washed with PBS, solubilized in | m1 0.5 N
NaOH, and DNA was precipitated by acidification with 150 ul 5 N HCI at 0°C for 30 min.
Samples were centrifuged in a microfuge and the precipitates were washed twice with 0.5 ml of
ice-cold 0.5 N HCI. Pellets were solubilized in 200 ul 0.2 N NaOH. Aquasol scintillation fluid
(1 ml, Dupont, Ont) was added and radioactivity determined in a liquid scintillation counter. To
determine non-specific binding of radiolabel to samples, cultures were exposed to |*H]thymidine
immediately prior to harvesting and processed as described above.

Quiescent samples were treated with either (a) vehicle (0.1% dimethyl sulfoxide (DMSO;
Fisher, Ont), (b) PAF (0.1 nM-1 uM, Avanti Biochemicals, PA), (c) lyso-PAF (0.1 nM-1 uM,
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Sigma, MO), (d) PAF (100 nM- 1uM) + CV3988 (10 uM, Calbiochem, CA), or (¢) DMEM+10%
FCS. In eachcase, the treatmentcompound (DMSO, PAF, lyso-PAF, PAF+CV3988, or FCS)
was added directly to existing low serum medium. Medium was not replaced. Cell
proliferation/viability was determined by cell counts using a Coulter Counter, trypan blue
exclusion, [3H|thymidine incorporation into DNA as described above, and in siru [*H]thymidine-
labelling. In addition, some cultures were immunoreacted with anti-vimentin as described above
or fixed with methanol and stained with ethidium bromide for morphological analysis of the
cytoplasm and nucleus respectively. For in situ experiments, cells were plated at a density of
1,000 on gelatin-coated 22 mm? glass coverslips in 6 c¢cm dishes, quiesced, and treated as
described above. Cells were pulsed for 72 hr with [?H|thymidine (0.1 uCi/ ml). Cultures were
washed extensively in PBS and coverslips removed, dipped in nuclear track photographic
emulsion, and exposed for 3 weeks at 4°C. Slides were developed for 5 min at 15°C in Kodak-
D19 developer, 30 sec in 2% acetic acid, 5 min in Kodak Rapid Fix, and 30 min in running water.
Photographic chemicals were from Kodak, Ont. Slides were examined under bright- and dark-
field microscopy using a Zeiss Axioskop microscope. For DNA analysis, nucleic acids were

isolated as described in (16) and electrophoretically separated on a 1.2% agarose gel.

Statistical analysis

Data were analyzed using one-way factorial ANOVA tests or unpaired Student's ¢ tests, as
applicable. Following detection of a statistically significant F value with respect to the effectof a
given series of treatments, post hoc Dunnett's tests were used to identify which treatment
condition differed statistically from control (vehicle-treated RECs). P values of <0.05 were
considered statistically significant differences (shown as *); P values of <0.01 were considered

highly statistically significant differences (shown as **¥),

Results and Discussion
Characterization of REC population
RECs are a primary explant of Sprague Dawley embryo cells. The cell types composing

the REC population were determined by immunohistochemistry and flow cytometry (Figure 13).
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Figure 13. Characterization of RECs by immunohistochemistry and flow cytometry

RECs were processed for immunohistochemistry (A,C,E,G) and flow cytometry (B,D,F,H) as described in
Materials and Methods. (A,B) , fibroblasts; (C,D), epithelial cells, (E,F) neuronal zells; (G,H) muscle cells.
Representative photomicrographs are depicted. Scale bar=12 ym
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Fibroblasts, endothelial cells, and epithelial cells were identified using monoclonal antibodies
directed against vimentin, rat endothelium, and cytokeratin, respectively. Mﬁscle cells, glia, and
neurons were identified using polyclonai antibodies directed against desmin, GFAP, and
neurofilament 200 kD, respectively. As depicted in Figure 13A, cells in the REC explants were
immunoreactive to anti-vimentin, consistent with a predominance of fibroblasts in the population.
Since cell types other than fibroblasts have also been shown to be vimentin-positive in vitro,
cultures were double-labelled with additional antibodies. The majority (>90%) of cells were
fibroblasts (ie. they reacted only with anti-vimentin). Approximately 10% of cells reacted with
both anti-vimentin and anti-cytokeratin, indicating epithelial cells (Figure 13C), while <0.1% of
neuronal and muscle cells were detected by double-labelling with anti-vimentin and anti-
neurofilament (Figure 13E) or anti-vimentin and anti-desmin (Figure 13G), respectively. No other
cell types were detected. The accuracy of this distribution was confirmed by flow cytometry

(Figure 13B,D,F,H).

Effect of PAF on REC growth kinetics

RECs were rendered quiescent by 96 hr incubation in low serum medium. Quiescence
was confirmed by the absence of [3H]thymidine incorporation into DNA (datanot shown). RECs
were then treated for 72 hr with PAF, vehicle, or 10% serum. Following treatment, the medium
was removed and cells were incubated for an additional 96 hr in low serum medium
(DMEM+0.5% FCS). Treatmentwith PAF was found to dose-dependently alter incorporation of
[3H] thymidine into DNA inducing an inverted U dose-response cure (Figure 14A). Continual
exposure to low doses of PAF (0.001-0.1 nM) proved to be mitogenic increasing radiolabel
incorporation into DNA while high doses (10-1000 nM) were observed to decrease radiolabelling.
Peak mitogenic effects were obtained with 0.1 nM PAF. These data were compared to the effect
of PAF on cell kinetics. Cell number was assessed by Coulter counts. After 72 hr of treatment,
PAF (0.1 nM) increased cell growth compared to vehicle-treated cells.  Surprisingly, cell
proliferation was maintained for atleast 96 hr after ligand removal (Figure 14B). The validity of
these observations was confirmed by autoradiography. [*H]thymidine incorporation into DNA can

indicate either an increase in de novo DNA synthesis or in DNA repair mechanisms following
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Figure 14. PAF dose-dependently
influences cell proliferation and
cell loss in RECs

RECs were made quiescent by serum
starvation, treated with vehicle, PAF (1
pM - 1 uM), or complete medium, and
assayed for changes in [3H]thymidine
radiolabelling or cell number. Details as
described in Materials and Methods.

(A) PAF exposure results in aninverted U
[®H] thymidine incorporation dose-
response relationship in RECs.

Data represent mean+SEM cpm/plate from

'a minimum of 5 plates/condition after 72

hr of continual ligand treatment.
Statistically significant differences were
as follows: ANOVA: F=4.8, df=4,386,
p<0.01. Dunnett's t: PAF (0.1 nM) vs.
Vehicle, p<0.01; PAF (10 nM) vs. Vehicle,
p<0.05. 10% FCS (positive control)
increased [3H]thymidine incorporation to
2989.3 + 1053.7 cpm/plate at the same
time point.

(B) Low doses of PAF induce cell
proliferation; high doses of ligand induce
celil death.

Data represent mean+SEM cell number
from a minimum of 5 plates/treatment/time
point using a Coulter Counter. Only
adherent RECs were counted. After 72 hr
of treatment, medium was replaced with
fresh DMEM+0.5% FCS and cells were
incubated in the absence of ligand for an
additional 96 hr. Statistics were
performéd after 72 hr of continual PAF
treatment on all of the doses tested. Data
depicted-are derived from treatment with
0.1 nMand 1 uM PAF only. Statistically
significant differences were as follows:
ANOVA: F=5.2, df=3,29, p<0.01.
Dunnett's . PAF (0.1 nM) vs. Vehicle,
p<0.01; PAF (1 uM) vs. Vehicle, p<0.05.
10% FCS (positive control) increased cell
number to 8.5x105 + B.4x10% cells/plate
72 hr after treatment.
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genetic damage. Although this possibility is unlikely in the present experiments given the close
association between cell number and incorporated radiolabel (Figure 14), autonﬁdiograms of PAF
(0.1 nM)-treated RECs were examined to determine the specificity of [*H] thymidine uptake
Representative photomicrographs are depicted in Figure 15. The clustering of silver grains over
the nucleus of cells exposed to PAF is characteristic of de novo DNA synthesis rather than DNA
repair. These data support the conclusion that, at low doses, PAF is mitogenic.

By contrast, exposure to PAF (1 uM) decreased overall cell number compared to vehicle-
treated cells (Figure 14B). This reduction corresponded with a decrease in cell viability. After 72
hr of treatment, RECs were trypsinized from monolayer culture and combined with unattached
cells found in the supernatant. 95% of lvehicle-treated eells were viable as determined by trypan
blue exclusion while only 40% of PAF (1 pM)-treated cells were capable of dye exclusion.
Unlike PAF’s mitogenic effects, PAF-induqgd cell death was dependent upon continued ligand
exposure. Removal of the PAF from theqmedium ‘rescued’ surviving cells as indicated by
renewed cell growth 120 hr after initial treatment{Figure 14B). Furthermore, PAF-induced cell
death did not occur if quiescent cells were treated with lig;ggi (1 uM) for a limited period of time
(1-6 hr) or if cells were exposed to PAF in DMEM+10% FCS (data not shown).

Cell death can generally be classified under one of two categories: necrosis - occurring as a
passive result of tissue injury, -and apoprosis - occurring as an active process of cellular self-
destruction requiring specifie geneﬁ transcription and protein synthesis. Necrosis refers to non-

specific cell death in response to exogenous tissue damage and can involve a substantial immune

L

response. Apoptosis refers to selecnve cellloss in response to specific signalling molecules in the
Boo:
absence of immune mvolvememamThe apoptotic procd%S*was ﬁrst charactenzed morphologically

~insmis- -
by Wyllie and colleagues (21 4;2;} a,nd was demonstrated to pro. ed through three phases: 1)

cellular condensation - interactions between the dying cell and its neighbours are lost as the cell
shrinks and its cytoplasmic and nuclear components condense; 2) cellular fragmentation - target
cells fragment into numerous smaller ‘apoptotic bodies’ without leakage of any of the cellular
components into the extracellularspace; and, 3) cellular degradation - apoptotic fragments are
phagocytosed by neighbouring cells and degraded either by the lysosomes of these recipient cells

or by degradative enzymes within the apoptotic bodies themselves. This phase proceeds without



Figure 15. In situ incorporation of [*Hj-thymidine into REC nuclei following PAF treatment
is characteristic of DNA synthesis rather than DNA repair

RECs were made quiescent by serum starvation and then treated with (A) vehicle, (B) complete medium, or (©)
PAF (0.1 nM). Autoradiograms were performed after 72 hr of treatment as described in Materials and Methods.
The large number of silver grains distributed uniformly over the majority of radiolabelled nuclei in cultures
treated with either DMEM+10% FCS (B) or PAF (C) is indicative of increased DNA synthesis. Representative
photomicrographs are depicted. Scale bar= 12 um.
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recourse to a complement—bééed immune response. More recently, a fourth phase - the pre-
condensation phase - has been identified. Lasting anywhere from a few minutes to several hours
or days, this phase precedes morphological indications of apoptosis and encompasses most of the
biochemical events required to trigger gene expression (and/or gene silencing) necessary for the
initiation and successful completion of the cell death process (37). These and related forms of
targeted cell death are collectively referred to as Active Cell Death (ACD).

To assess whether ACD pathways should be considered in future analyses of PAF’s
cytotoxic properties, cultures exposed to either vehicle or PAF (1 uM) were immunoreacted with
anti-vimentin at various times after treatment and cell morphology examined for physical evidence
of ACD (Figure 16). Cytoplasmic changes were found to be consistent with an ACD-like process.
By 72 hr after PAF treatment, cells were pyknotic, intercellular contact was lost, and cell
fragmentation was evident. Morphologically altered cells were easily removed by aspiration,
indicating a loss of adherent properties. However, over 80% of PAF-treated RECs were still
capable of excluding trypan blue 48 hr after ligand exposure indicating that cell membranes were
still intact; a characteristic feature of ACD. As previously indicated, this percentage dropped to
40% after 72 hr of treatment.

Finally, treatment with lyso-PAF, PAF’s immediate metabolite, had no effect on the rate of
REC growth or death (data not shown). Co-administration of PAF with CV3988 (10 uM)
blocked both PAF-induced cell growth and PAF-elicited cell death (data not shown).

In interpreting these data, it is tempting to speculate that PAF is capable of transducing both

a mitogenic and an apoptotic signal depending upon the dose and duration of ligand stimulation.

Effect of PAF on HF growth kinetics

To determine whether PAF mediates mitogenicity and/or ACD in human cells, HFs were
rendered quiescent by serum starvation and treated with vehicle, PAF, or complete medium. As
with RECs, low doses of PAF induced both a dose-dependent increase in [?H]-thymidine
incorporation into DNA and a concomitant increase in cell number while high doses elicited a
decrease in radiolabel incorporation and a reduction in overall cell number (Figure 17). As with

REC:s, cell morphology and cytotoxicity kinetics following treatment with 1 UM PAF were




Figure 16. RECs exhibited cytoplasmic condensation characteristic of ACD following
continual treatment PAF (1 uM)

RECs were made quiescent by serum starvation and then treated with vehicle or PAF (1 uM). After 24, 48, and
72 hr, RECs were immunoreacted with anti-vimentin and cytoplasmic changes evaluated as described in
Materials and Methods. RECs were vbserved to become pyknotic and condense upon exposure to PAF.
Apoptotic cellular bodies were not observed. (Nuclear changes were assessed in HFs (Figure 19)).
Representative photomicrographs are depicted. (A) Vehicle, 24 hr. (B) Vehicle, 48 hr. (C) Vehicle, 72 hr. (D)1
UM PAF, 24 hr. (E) 1 uM PAF, 48 hr. (F} 1uM PAF, 72 hr. (A,B,C) Scale bar=12 pm. (D,E,F) Scale Bar=10 um.
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consistent with putative activation of ACD. HFs demonstrated morphqlogical alterations
characteristic of apoptosis (ie. nuclear condensation and fragmentation) (Figure 18) while retaining
the ability to exclude trypan blue 72 hr after ﬁ'eatnlent (data not shown). Cell viability was not
compromised until 96 hr after treatment. Like RECs, HFs required continued stimulation with
PAF (1 uM) to induce cell death but continued to demonstrate enhanced cell growth after the
removal of 0.1 nM PAF (Figure 17).

The role of ACD in PAF (1 uM)-induced cell loss was further investigated by
electrophoretic analysis of isolated DNA. Double-strand cleavage of nuclear DNA leading to the
production of oligonucleosomal fragments is a characteristic biochemical feature of ACD (20).
PAF (1 uM) was found to induce DNA ladders in HFs 24-72 hr after treatment (Figure 19).

These data suggest that the endogenous, proinflammatory agent, PAF, is capable of
mediating both cell growth and cell death in RECs and HFs. This finding warrants further

investigation as to a putative role for PAF in cell regulative disorders affecting cell number.
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Figure 17. PAF dose-
dependently alters cell
proliferation and cell loss
in HFs

HFs were made quiescent by serum
starvation, treated with vehicle, PAF
(0.1 nM-1 uM), or complete medium,
and assayed for changes in
[3H]thymidine radiolabelling or cell
number. Details as described in
Materials and Methods.

(A) PAF exposure results in an
inverted U [3H]thymidine incorporation
dose-response relationship in HFs.

Data represent mean+SEM cpmi/plate
from a minimum of 5 plates/condition
after 72 hr of continual ligand
treatment.  Statistically significant
differences were as follows: ANOVA:
F=5.1, df=3,29, p<0.01. Dunnett’s t:
PAF (0.1 nM) vs. Vehicle, p<0.01.
10% FCS (positive control) increased
[H]thymidine incorporation to 4445.6
+ 1026.9 cpm/plate at the same time
point.

(B) Low doses of PAF induce cell
proliferation; high doses of ligand
induce cell death.

Data represent mean+SEM cell number
from a minimum of 5
plates/treatment/time point using a
Coulter Counter. Only adherent HFs
were counted. PAF (1 uM)-treated HFs
proved to be more capable of
maintaining their attachment to tissue
culture plates than RECs. After 72 hr
of treatment, medium was replaced
with fresh DMEM+0.5% FCS and cells
were incubated in the absence of
ligand for an additional 96 hr.
Statistics were performed after 72 hr of
continual PAF treatment on all of the
doses tested. Data depicted are
derived from treatment with 0.1 nM and
1 UM PAFonly. Statistically significant
differences were as follows: ANOVA:
F=4.4, d{=3,29, p<0.01. Dunnett’s t:
PAF (0.1 nM) vs. Vehicle, p<0.01.
10% FCS (positive control} increased
cell number to 7.2x105 + 3.6x10°
cells/plate 72 hr after treatment.
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Figure 18. HFs exhibit nuclear condensation and fragmentation characteristic of ACD
following treatment with PAF (1 uM)

HFs were made quiescent by serumstarvation and then treated with vehicle or PAF (1 uM). After 48 hr, HFs
were fixed with methanol and stained with ethidium bromide to assess nuclear changes as described in Materials
and Methods. HFs were observed to become pyknotic and exhibit nuclear fragmentation and elaboration of
apoptotic bodes upon exposure to PAF. Representative photomicrographs are depicted for the same sections
after phase contrast and ethidium bromide visualization. (A) Vehicle, 48 hr, phase contrast. (B) Vehicle, 48 hr,
! ethidiumbromide. (C) 1 uM PAF, 48 hr, phase contrast. (D) 1M PAF, 48 hr, ethidiumbromide. Scale bar=10

pum.

Figure 19. Demonstration of DNA iadders in PAF (1 pM)-treated cells

DNAwas isolated from PAF (1 uM)-treated HFs at 0, 24, 48, and 72 hr (Lanes 1-4) after ligand administration as
described in Materials and Methods. Nucleosome ladders were observed after 24-72 hr of treatment.
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3. Long-term Phenotypic Transformation Induced by Brief Exposure
to PAF

Abstract

Inflammation is a rccognized risk factor lor human cancer. To determine whether proinflammatory
agents such as PAF can contribute to neoplastic transformation, RECs and HFs were cxposed to
physiologically relevant concentrations of the autacoid (1 pM - 1 uM) and assayed for long-term alterations
in ccll proliferationkinetics. A [ hr exposure to PAF (10 nM - | pM) increased the ability of RECs to (i)
form foci, (ii) recach a high saturation density in complete medium, (iii) grow in low serum-containing
medium, and (iv) cxhibit Al growth. Similar alterations in growth kinctics were achieved with C-PAF (0.1
- 10 nM), an active, non-metabolizable analoguc of PAF, but not by lyso-PAF (0.1 - 1 uM), a
biologically inactive metabolitc of PAF. These results demonstrate that a briclexposure to PAF is capable
of conferring enhanced growth potential in RECs.  The relevancy of this observation to human cancers was
determined by performing identical cxperiments on HFs. A 1 hrcxposure to PAF increased the ability of
HFs to (i) proliferatcin low scrum medium and (ii) grow in an Al environment. PAF did not affect HF
growth Kinetics in complete medium. Treatment with lyso-PAF, the immediate metabolite of PAF, did
not impact on HF phenotype. These observations provide the first evidence that short-term treatment of
normal rodent or human cells with PAF can induce long-termn alterations in cell growth and demonstrate

that this effect is specific for PAF and is not dependent upon downstream metabolites.

Introduction

Chronic inflammatory conditions have been associated with increased probability of
developing cancer at sites such as lung, bladder, bowel, breast, and skin (1,2,5,8,17,27-
31,34,36). Although the mechanisms underlying this correlation are uncertain, it is postulated that
activated phagocytic cells at sites of inflammation release agents that promote the malignant
conversion of non-inflammatory ceils (30,31). One means of identifying candidate inflammatory
‘carcinogens’ is to assay for in vitro phenotypic transformation following exposure to the test
compound. Tumour cells exhibit characteristic alterations in growth kinetics compared to normal
cells when cultured in virro. These phenotypes include altered morphology, growth factor
independence, increased saturation density, focus formation, and anchorage Al growth (18). In
vitro Al growth can be predictive of in vivo tumourgenicity (18). In Chapter III, Section 2, PAF
was shown to dose-dependently mediate cell growth and cell death. These experiments were
carried out in the constant presence of ligand. However, it is hypothesized that exposure to PAF

during chronic inflammation takes the form of repeated transient stimulation (Chapter I, Section
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5). In vivo, PAF is rapidly metabolized by specific intra and extracellular acetylhydrolases. Half-
life has been found to range between 2 and 12 minutes systemically. Deficient PAF catabolism,
resulting in extended half-life or sustained PAF turnover, exerts pathophysiological effects
(Chapter II, Section 5). To determine whether extended but transient exposure to physiologically
relevant concentrations of PAF is capable of conferring a transformed phenotype upon normal
RECs and HFs, cells were treated for 1 hr with the autacoid and assayed for subsequent changes
in morphology, viabii_i‘ty, doubling time, focus formation, saturation density, growth in low

serum-containing medium, and Al growth.

Materials and Methods
Treatment with PAF and related compounds

RECs and HFs (characterized in Chapter 11, Section 2) were maintained in DMEM+10%
FCS. RECs were between second and fifth passage and HFs were between third and seventh
passage when treated. Exponentially growing cultures were trypsinized and 100,000 cells or 200
cells per 6 cm tissue culture dish were allowed to attach overnight. Cultures were washed twice
with serum-free DMEM and subjected to one of the following treatments for 1 hr in DMEM
containing 0.2% BSA (Sigma, MO): (a) vehicle (DMSO), (b) PAF (1 pM - 10 uM), (¢) C-PAF (1
pM - 10 nM, Biomol Research, PA), or (d) lyso-PAF (0.1 nM - 1 uM). Cultures were then
washed and incubated for 24 hr in DMEM+10% FCS before being tested for phenotypic

transformation.

Assays of Cell Transformation

Following treatment, RECs were assayed for changes in (i) cell viability, (ii) doubling
time, (iii) saturation density, (iv) focus formation, (v) growth in low serum medium, and (vi) Al
growth. Cell viability was assessed by trypan blue exclusion and by clonogenic assay. In this
latter procedure, cells were plated at a density of 200 cells/6 cm dish, treated for 1 hr as described
above, and allowed to grow undisturbed in DMEM+10% FCS for 10 days with twice weekly
feedings. Cultures were then fixed with methanol and stained with 1% methylene blue in 50%

ethanol. The number of colonies comprising >50 cells were scored. Doubling time and saturation



-60-

density were determined over a 25 day period of exponential growth by cell counts using a Coulter

Counter. Cell count data was confirmed by [3HJtl1ymidine incorporation into DNA as described in
Chapter I1I, Section 2. Focus formation was determined by allowing cultures to grow undisturbed
following treatment for 21 days, with gentle medium replacement every 5 days. Plates were then
stained as described in Chapter 111, Section 2. Foci of piled cells (>60 um dia.) were scored using
an Olympus inverted.microscope. Growth in low serum medium was assessed by incubating cells
in DMEM+0.5% FCS fdr 25 days and estimating growth kinetics by counting cells at intervals
using a Coulter Counter. Al growth was determined by suspending cells at 37°Cin 2 ml 0.3%
molten agarose (BRL, MD) containing DMEM+10% FCS. This suspension was poured over a 3
mm layer of 0.6% agarose containing DMEM+10% FCS. The soft agarose layer was overlaid
with 2 ml of liquid medium thaf was replaced every 5 days. Al colonies (>80 um in dia.) were
scored 10, 20, 30, 40, 50, and 60 days after plating using an inverted microscope. Several
individual foci and Al colonies were isolated and cultured to determine cell viability and cloning
efficiency. Some clones were analysed by immunohistochemistry as described in Chapter I11,
Section 2 to determine cell type. Statistical analyses were performed as described in Chapter 111,

Section 2.

Results and Discussion

Although a correlation between chronic inflammation and predisposition to cancer in
humans has been recognized for many years, causal mechanisms have only begun to be
determined. A wide variety of cytokines and proinflammatory agents are released by both
activated phagocytes and non-inflammatory cellsin and around sites of injury and irritation. It is
hypothesized that these agents may play a role in tumour progression. To determine whether PAF
is capable of mediating the sustained cell proliferation characteristic of transformed cells, RECs
and HFs were isolated, treated with physiologically relevant concentrations of ligand (1 pM - 1

UM), and assayed for subsequent transformation.

Effect of PAF treatment on REC phenotype

The effects of PAF on doubling time, focus formation, saturation density, growth in low
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serum, and Al growth are presented in Table 3. No indication of cytotoxicity was seen after any
of the treatments (data not shown). '

PAF had no effect on REC doubling fime in complete medium although the compound did
significantly increase saturation density with maximal effects observed following treatment with 1
uM PAF. This increase was accompanied by a dose-dependent augmentation in the number of
foci observed. Fociwere defined as tightly packed three-dimensional growths of piled cells (>60

Mm in dia.) surrounded by a monolayer of contact-inhibited cells (Figure 20). The maximal
quantifiable increase in focus formation (approximately 3-fold) occurred in RECs treated with 10

nM PAF. At higher concentrations (1 pM), scoring was not possible because discrete foci could
not be accurately identified due to the substantial overgrowth of PAF-treated RECS (Figure 20C).
This observation was substantiated by the 3-fold increase in saturation density exhibited in cultures
treated with 1 uM PAF compared to vehicle-treatment (Table 3). Finally, PAF-induced foci were
more irregular in shape, denser (i.e., cells stained more intensely), and exhibited a more disorderly
pattern of growth than foci seen in vehicle-treated cultures (Figure 20).

A brief exposure to PAF was also capable of inducingcell proliferation under suboptimal
growth conditions. For example, growth in low serum containing medium is one measure of
autonomous cell growth (ie. the ability of cellsto proliferate with limitingamounts of exogenous
growth factors). As indicated in Table 3, PAF significantly reduced the doubling time of RECs
grown in DMEM+0.5% FCS and increased the length of time that cells were able to sustain
growth in low serum, as compared to vehicle-treated cultures. Furthermore, PAF also induced Al
growth in RECs. Al growth represents the ability of cells to form colonies in a semi-solid
medium. Colonies (>80 pm in dia.) were scored at 20, 40, and 60 days after treatment. Only data
from day 40 are presented in Table 3. PAF (10 nM - | uM) induced a dose-dependent increase in
Al ability. The growth rate of colonies was very slow. Small colonies (approximately 50 um in
dia.) could be seen at Day 20 after treatment. By Day 40, colonies had reached sizes of >80 um
in dia. By Day 60, colony size was not significantly larger than at day 40, suggesting that the
growth of the Al cells had slowed or stopped. Growth cessation was not due to cell death since

cloning efficiency of cells derived from day 40 and day 60 colonies did not differ (data not
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Table 3. Transformation-associated properties in RECs exposed to PAF

Properties Treatment?
Vehicle PAF
1 pM 0.1 nM 10 nM 100 nM 1 uM
Doubling Time (h)?
Cell count 33.5 37.2 31.6 32.4 ND 36.2
Thymidne incorp. 33.5 30.1 35.4 35.5 ND 36.3
Focus Formation® ' } 50 +18.1|63.4+19.3| 78.3+25.9 [135.9+32.4"  OG oG
(colonies/plate) n=5 n=5 n=6 n=7
Saturation Densityd | 1.1x10% | 8.8x10° | 1.1x106 | 2.1x108 ND 3.8x10°
(celis/plate) £3x10° | +5x104 | +£9x104 | +1x105* +5x105**
Growth in low serum®@
Doubling time (h) 127+4.9 ND 90.6+1.3** | 83.8+5.5** ND 86.0+0.3**
Days of growth 6 21 21 21
C-PAF Lyso-PAF

1pM 0.1 nM 10 nM 0.1 nM 10 nM 1uM
Doubling Time (h)P
Cell count ND 29.8 ND ND 30.7 ND
Thymidne incorp. ND 49 1 ND ND 34.0 ND
Focus Formation®  |66.4+10.9| 95.547.3 oG 43+4.0 31+2.0 | 23.846.5
(colonies/plate) n=3 n=3 n=3 n=3 n=5
Saturation Densityd ND 9.3x105 ND ND 8.4+105 ND
(cells/plate) +2x10% +3x10%
Growth in low serum®
Doubling time (h) ND 85+0.3"" ND ND 135.6+5.2 ND
Days of growth 21 6
Al colonies! 0.8+0.4 |22.1+4.1*" ND 0 0 0

3pata represent the mean + SEM of n=5plates unless otherwise indicated. Asterisksindicate statistically significant ditferences as described in
Materials and Methods (* p<0.05; **p<0.01). ND, not determined.

bDc.)ubllng time in complete medium (DMEM+10%FCS) was determined using cell counts (n=3 plates) and [3H]lhymidine incorporation (n=2
plates) as described in Materials and Methods. Mean values are indicated.

CFoci ( >60 pm in diameter) were counted 21 days after treatment as described in Materials and Methods. n, number of plates counted. OG,
overgrowth of cells to a degree that individual foci could not be scored. PAF ANOVA:F=2.7, df=3,43, p<0.05; Dunnett's PAF 10 nM vs.Vehicle,
p<0.05; C-PAF ANOVA: F=3.0, dt=2,15, p<0.05; Dunnett's & C-PAF 0.1 nM vs.Vehicle, p<0.05.

d The number of cells/6 cm diameter tissue culture dish was counted 10 days alter saturation had been reached in vehicle-treated cultures as
described in Materials and Methods. PAF ANOVA:F=8.7, dl=4,19, p<0.01; Dunnelt's  PAF 10 n M vs.Vehicle, p<0.05; PAF 1 uM vs.Vehicle,
p<0.01.

eFollowlng treatment, cellswere grown in DMEM+0.5% FCS. Doubling time was estimated during the first 10 daysof culture. The length oftime
cells were able to sustain culture Is indicated. Observations were carried out for 25 days. PAF ANOVA:F=30.8,d1=3,16,p<0.01;Dunnelt's t; PAF
0.1 nM vs.Vehicle, p<0.01; PAF 10 nM vs.Vehicle, p<0.01; PAF 1 uM vs.Vehicle, p<0.01; C-PAF: Student's {=8.7, df=8, p<0.01.

'The number of Al colonies (>80 um indiameter)/ 6 cm dish (1x105 cellplated; 15%plating efficiency ; 1.5x1 0% viable cells) were counted 40 days
following treatment (n=5). PAF ANOVA: F=12.4,df=5,24, p<0.01; Dunnett's & PAF 100 nM vs.Vehicle, p<0.05; PAF 1 uM vs.Vehicle, p<0.01; C-
PAF ANOVA: F=28.3, di=2,12, p<0.01; Dunnelt's t C-PAF 1 pM vs.Vehicle, p<0.01; PAF 0.1 nM vs.Vehicle, p<0.01.
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Figure 20. Focus formation in RECs following exposure to PAF

RECs weretreated with PAF (1 pM - 1 uM)or vehicle (0.1% DMSO) as described in Materials and Methods and
allowedto growfor 21 days undisturbed with twice weekly feedings. Cultures were stained with methylene blue
and focus formation was quantified. Representative photomicrographs are depicted for the following
treatments. (A) Vehicle. (B) 0.1 nM PAF. (C) 10 nM PAF. (D) 1 uM PAF. Scale bar = 20 um.
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shown).

The cell types involved in this response were identified immunohistochemically, Clones
were isolated from 4 foci, 5 Al colonies, and 2 C-PAF-induced Al colonies. Two foci-derived
clones were of epithelial cell origin; the rest were composed of fibroblasts. These data indicate that
both fibroblasts and epitheljal cells are capable of responding to PAF. This latter finding is of
some importance gi;'eri that epithelial cell-derived tumours (carcinomas) are the most common
form of human rﬁalighancy.

The ability of PAF to induce phenotypic transformation appears to be PAF-specific since
its effects follow the known potency of closely related compounds. C-PAF increased 3 of the 4
phenotypic properties tested at doses 2 orders of magnitude below that seen with PAF (Table 3).
This ‘shift to the left’ in the dose-response curve is consistent with the fact that C-PAF is a non-
metabolizable analogue of the endogenous ligand and hence capable of stimulating cells
indefinitely. Lower doses are, as such, more effective at eliciting physiological responses.
However, the compound also has a lower affinity for PAFR than PAF itself and, consequently
does not produce the same intensity of response as the natural ligand (26). This property may
explain the reduced magnitude of phenotypic transformation observed in the present experiments
compared to PAF. Conversely, no phenotypic changes were observed after treatment with lyso-
PAF, PAF’s immediate (and inactive) metabolite.

In summary, these data indicate that the endogenous inflammatory agent, PAF, can induce
long-term alterations in cell growth in RECs similar to those observed in tumour cells cultured in

vitro.

Effect of PAF treatment on HF phenotnype

Given that PAF, at physiologically relevant concentrations, can induce phenotypic changes
associated with malignancy in murine cells, experiments were designed to determine relevancy to
human cells. Figure 21 illustrates the dose-dependent effects of a 1 hr treatment with PAF (0.1
nM-10 uM) on growth of HFs in complete medium (Figure 21A), low serum medium (Figure
21B5, and Al medium (Figure 21C). PAF had no observable effect on cell proliferation or

morphology when cells were grown in complete medium. However, when cultured under serum-
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deprived conditions, cells that had been treated with PAF (100 nM - 10 uM) sustained growth for
a longer period of time than vehicle-treated cells. This effect was evident bS/ Day 10 after ligand
exposure and was statistically different by Day 25. When tested for growth in soft agarose (Al
phenotype), colonies were seen in cultures treated with PAF at concentrations of 100 nM and
higher. The growth rate of Al cells was very slow, requiring 40 days for colonies to reach >80
um in dia. By day 60, colony size was not significantly larger than at day 40, suggesting that the
growth of the Al ceils had slowed or stopped. However, this apparent growth cessation was not
due to cell death since the cloning efficiency of cells derived from day 40 and day 60 colonies did
not differ (datanot shown). These results demonstrate that PAF is capable of inducing phenotypic
characteristics in normal human cells commonly associated with tumour cells cultured in vitro,
viz., the ability to proliferate with limiting amounts of exogenous growth factors (autonomous cell
growth in low serum medium) and the ability to clonally expand in a non-permissive environment
(AI growth). As with RECs, lyso-PAF was inactive in mediating the phenotypic transformation
of HFs in all three assays (Figure 22). This lack of effect was not the result of cytotoxicity since 1
hr treatments with either PAF or lyso-PAF did not alter cell viability atany of the concentrations
tested (data not shown).

In summary, PAF is capable of inducing a transformed phenotype in HFs similar to that
observed in RECs with one exception. PAF was capable of increasing cell proliferation in rodent
cells under conditions of normal and suboptimal growth (ie. PAF treatment caused an increase in
REC saturation density, focus formation, growth in low serum medium, and Al growth.) In HFs,
an effect of PAF was seen only under suboptimal growth conditions (ie. enhanced growth in low
serum medium and Al growth). If PAF is indeed a factor contributing to the enhancement of
malignancy associated with inflammation, its efficacy and underlying signal transduction pathways

in human and rat may differ.
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Figure 21. Phenotypic
transformation of HFs by PAF

Cells were treated with PAF and
assayed for changes in

(A) saturation density

(B) growth in low serum medium

(C) Al growth.

In (A) and (B), data represent cell
counts from a minimumof 5 plates per
treatment per time period. In (C), data
represent the number of Al colonies
(>80 umdia.) per 100,000 cells plated,
as scored at Day 40 after treatment (n=
5 plates/condition). Statistical tests
(ANOVA, post hoc Dunnett's t test)
were performed on day 25 (A and B)
and day 40 (C). Statistically significant
results are as follows: Growth in low
serum (B): ANOVA, F=7.1, df=7,40,
p<0.01; Dunnett's t test, PAF (1 pM)
versus vehicle, p<0.01; PAF (10 uM)
versus vehicle, p<0.01. Al growth (C):
ANOVA, F=4.1, df=6,28, p<0.05;
Dunnett's t test, PAF (100 nM) versus
vehicle, p<0.05; PAF (1 uM) versus
vehicle, p<0.01; PAF (10 pM) versus
vehicle, p<0.01. Cloning efficiency in
soft agarose was calculated by
dividing the number of Al colonies
observed per plate by the number of
cells capable of forming monolayer
colonies when plated in liquid medium
(plating efficiency) x 100. Untreated or
vehicle-treated HFs exhibited a cloning
efficiency in soft agarose of 0.01%.
PAF (1 uM) treatment increased
cloning efficiency 15 fold (0.15%).
Other details as in Material and
Methods.
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Figure 22. Absence of
phenotypic transformation of
HFs by lyso-PAF

Cells were treated with lyso-PAF and
assayed for changes as in Figure 21.
Data represent cell counts from a
minimum of 5 plates per treatment per
time period in (A) and (B). In (C), data
represent the number of Al colonies
(>80 um dia.) per 100,000 cells plated
as scored on Day 40 after treatment (n=
5 plates/condition). No statistically
significant effect was observed in any

TIME (Days) of the assays. Other details as in
04 Figure 21.
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4. Signal Transduction Events Underlying PAF-Mediated

Transformation

Abstract

A brief exposure to PAF was found to induce sustained cell growth in RECs and HFs within a variety of
phenotypic assays. To identify putative signal transduction molecules mediating these effects, cells were
treated with PAF in the presence of cither a PAF antagonist (CV3988, 1 uM or 10 uM), a tyrosinc kinase
inhibitor (genestein, 1 pg/ml), a PKC inhibitor (staurosporine, 50 nM), or a cyclooxygenase inhibitor
(indomethacin, 200 nM - 20 uM). Cells were assayed for changes in (i) cell viability, (i) doubling time,
(iii) focus formation, (iv) saturation density, (v) growth in low scrum medium, and (vi) Al growth. PAF
increascd REC focus formation and saturation density and induced growth in low serum and Al growth in
both RECs and HFs. These growth enhancements could be inhibited by trecatment with cither CV3988 or
genestein, suggesting involvement of PAFRs and tyrosine kinasc activity in PAF-mediated signal
transduction in both cell types. In RECs, indomethacin attcnuated PAF-induced increases in focus
formation and saturation density without affecting PAF-induced alterations in growth in low serum or Al
phenotype. RECs were insensitive to effects of staurosporine on PAF-induced transformation. In HFs,
indomethacin had no cffect while staurosporine blocked PAF-induced growth enhancement. These data
indicate that PAF-mediated atterations in REC and HF phenotype are likely receptor-mediated and dependent
upon protein tyrosine kinase activity. These data also suggest cither that prostaglandins inay mediate PAF-
induced growth potentiation under optimal but not sub-optimal growth conditions or. alternatively. that
species differences in PAF signal transduction pathways ditferentiate the two cell types.

Introduction

In other experimental systems, PAF has been shown to work through specific cell surface
and intracellular receptors to induce calcium transients, arachidonic acid metabolism,
phosphoinositide turnover, protein kinase activity, and proto-oncogene expression (Chapter I1,
Section 5). Since previous investigations demonstrate that PAF is capable of altering the cell
growth and cell death kinetics in RECs and HFs (Chapter I11, Sections 2 and 3) and recent reports
reveal that systemic PAF levels are elevated in Crohn's disease, a preneoplastic inflammatory
disorder (9,10,35), prostatic carcinoma (14), leukemia (14), nasopharyngeal carcinoma (14),
histiocytic lymphoma (14), and metastatic melanoma (14), attempts were made to identify
candidate signal transduction molecules underlying PAF’s potential contribution to these malignant

disorders.
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Materials and Methods
Treatment and transformation assays

RECs and HFs (characterized in Chapter IlI, Section 2) were treated as described in
Chapter III, Section 3 with the exception that cultures were also exposed to either vehicle or PAF
(100 nM or 1 uM) in combination with CV3988 (1 - 10 uM, Calbiochem, CA), indomethacin
(200 nM - 2 uM, Sigma, MO), staurosporine (50 nM, LC Services, MA), or genestein (1 peg/ml,
UBIL, MA). When treated with two compounds, the antagonist or inhibitor was added 15 min
prior to coincubation and treatment continued for 1 hr following PAF or vehicle administration.
Cultures were then washed and incubated for 24 hr in DMEM+10% FCS before being assayed for
phenotypic transformation as described above (Chapter I1I, Section 3). Statistical analyses were

performed as described in Chapter III, Section 2.

Results and Discussion

In other cell types, interaction of PAF with its receptor has been shown to lead to increases
in PKC activity (4,25,38), tyrosine phosphorylation (6,15,33,38), and metabolism of arachidonic
acid through the cyclooxygenase pathway (13). To ascertain whether these biochemical steps
mediate PAF-induced phenotypic transformation of RECs and HFs, cells were coincubated with
PAF and either CV3988 (a PAFR antagonist), staurosporine (a putative PKC inhibitor), genestein
(a putative tyrosine kinase inhibitor), or indomethacin (an inhibitor of cyclooxygenase metabolism

of arachidonic acid).

Effect of inhibitor treatment on PAF-induced REC phenorype

None of the treatments altered cell viability with the exception of staurosporine (50 nM) or
staurosporine+PAF (1 pM). Cell viability was reduced by 30% under these conditions (data not
shown).  These results are in accordance with other data demonstrating toxic effects of
staurosporine across a variety of concentrations (3). The effects of pharmacological manipulation
on PAF-induced focus formation, saturation density, growth in low serum, and Al growth are
depicted in Figures 23 and 24. Administration of CV3988 (1 uM) attenuated PAF-induced

increases in each of the four growth parameters, indicating that PAF most likely works through a
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Figure 23. PAF-induced
phenotypic transformation of
RECs grown in complete medium
is dependent upon PAFR,
tyrosine kinase activity, and
cyclooxygenase metabolites of
AA but not on PKC activity.

RECs were treated with either vehicle or
PAF (10nM or 1 uM)and CV3988 (1 uM),
indomethacin (200 nM), staurosporine
(50 nM), or genestein (1 pg/mi)for 1 hras
described in Materials and Methods.
Cells were subsequently assayed for
changes in

(A,B) saturation density

(C) focus formation

Data represent cell or foci counts from a
minimum of 5 plates per treatment per
time period. Co-treatment had no effect
on the saturation density phenotype of
vehicle-treated celis (data not shown) but
did alter focus formation. Statistical
tests (ANOVA, post hoc Dunnett's ttest)
were performed on day 21. Statistically
significant results are as follows:
Saturation density: PAF (1 uM) ANOVA,
F=21.4, di=4,25, p<0.01. Dunnett's t
test: PAF vs. PAF+CV3988, p<0.01, PAF
versus PAF+Genestein, p<0.01. PAF
(10 nM) ANOVA, F=7.1, df=4,25, p<0.05.
Dunnett's ttest: PAFvs. PAF+CV3988,

p<0.05, PAF vs. PAF+Genestein,
p<0.05. Focus Formation: Vehicle
ANOVA, F=4.6, df=4,29, p<0.05.
Dunnett's t test: Vehicle vs.
Vehicle+CV3988, p<0.05. PAF (10 nM)
ANOVA, F=52, df=4,29; p<0.05.

Dunnett’s t test: PAFvs. PAF+CV3988,

p<0.05, PAF vs. PAF+Genestein,
p<0.05, PAF vs. PAF+indomethacin,
p<0.05.
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Figure 24, PAF-induced
phenotypic transformation of RECs
grown under suboptimal growth
conditions is dependent upon
PAFR and tyrosine kinase activity
but not on cyclooxygenase
metabolites of AA or PKC activity.

RECs were treated with either vehicle or
PAF (10 nM or 1 uM) and CV3988 (1 uM),
indomethacin (200 nM), staurosporine (50
nM), or genestein (1 pg/ml) for 1 hr as
described in Materials and Methods. Cells
were subsequently assayed for changes in
(A,B) growth in low serum medium

(C) Al growth

Data represent cell or Al colony counts
from a minimum of 5 plates per treatment
per time period.  Co-treatment had no
effect on the phenotype of vehicle-treated
cells (data not shown). Statistical tests
(ANOVA, post hoc Dunnett's t test) were
performed on day 25 (A,B) or day 40 (C).
Statistically significant results are as
follows: Growth in low serum: PAF (1 puM)
ANOVA, F=315, di=4,25, p<0.01.
Dunnett's t test: PAF vs. PAF+CV3988,
p<0.01, PAF vs. PAF+Genestein, p<0.01.
PAF (10 nM) ANOVA, F=23,6, di=4,25,
p<0.01. Dunnett's t test: PAF vs.
PAF+CV3988, p<0.01, PAF vs.
PAF+Genestein, p<0.05. Al growth: PAF (1
#M) ANOVA, F=10, df=4,20, p<0.01.
Dunnett’s t test: PAF vs. PAF+Genestein,
p<0.01; PAF vs. PAF+CV3988, p<0.01.
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specific receptorin RECs.  Genestein (1 pg/ml) pretreatment also prevent)ed all of the PAF-
induced changes. This observation suggests that stimulation of PAF receptors with ligand leads to
a protein tyrosine phosphorylation event(s) fhat is important in PAF-mediated transformation of
RECs. Despite its cytotoxic effects, staurosporine failed to alter the kinetics of any of the four
growth parameterseven when corrected for the reduction in cell viability, suggesting that PKC
may not play a role in PAF-induced proliferation in RECs. Indomethacin (200 nM) blocked PAF-
induced changes in focus formation and saturation density but failed to alter PAF-induced growth
in low serum or Al growth. These data suggest that PAF acts through multiple pathways and that
the phenotypic transformation observed when cells are grown under optimal conditions (ie.
anchorage-dependent environment, complete medium) may depend upon PAF-induced synthesis
of cyclooxygenase metabolites (eg. prostaglandins). Indomethacin’s inability to alter other
transformation parameters suggests that cyclooxygenase metabolites may not mediate alterations

in cell growth under suboptimal conditions (ie. Al environment, low serum medium).

Effect of PAF treatment on HF phenotype

PAF was found to induce growth in low serum medium and Al growth in HFs. The effect
of coincubation with indomethacin (200 nM - 20 puM), staurosporine (50 nM), genestein (1
ng/ml), or CV3988 (10 uM) on these growth parameters is depicted in Figure 25 and 26
respectively. Treatment with CV3988 in conjunction with PAF was found to inhibit all growth
potentiation associated with PAF treatment, indicating that the observed phenotypic alterations are
likely receptor-mediated. Similar attenuation was observed when cells were coincubated with
PAF and either staurosporine (50 nM) or genestein (1 pg/ml). These data implicate protein
kinases in PAF-mediated HF transformation. Indomethacin (200 nM - 20 uM) had no effect on
PAF-induced growth in low serum medium or Al phenotype, suggesting that cyclooxygenase
metabolites may not influence PAF's ability to transform HFs.

As with RECs, PAF-mediated transformation of HFs was receptor-mediated, PAF-
specific, and tyrosine kinase-dependent. However, unlike RECs, HFs behaved differently with
respect to cyclooxygenase and protein kinase C inhibitors. PAF-induced transformation of rodent

cells was partially inhibited by indomethacin and insensitive to staurosporine while PAF-mediated



-73-

10

JI-8— PAF1 uM A -3~ Vehicle B
8 ~&— + CV3988 (10 pM) - + CV3988 (10 uM)

—~ 478 PAF1 M C -8~ Vehicle D
g g —||~®— + Staurosporine (50 nM) —-®- + Staurosporine (50 nM)
E J|-— + Genestein (1 ug/ml) ~@— + Genestein (1 pg/ml)
o« -
i 6
1] - .
=
S 44
Z *k
5 4
u 2
o i
J-=— PaF1 pm E -8 Vehicle F
g ~i| "+ Indomethacin (200 nM) —#— + Indomethacin (200 nM)
6
4
2
0 T T 1 T T ) 1 T T | E———
0 4 8 12 16 20 24 4 8 12 16 20 24
TIME (Days)

Figure 25. PAF-induced phenotypic transformation of HFs under suboptimal growth
conditions is dependent upon PAFR and tyrosine kinase activity but not on
cyclooxygenase metabolites of AA or PKC activity

HFs were treated with either vehicle (B,D,F) or PAF (1 uM) (A,C,E) and CV3988 (1 uM) (A,B), indomethacin (200
nM-20uM) (E,F), staurosporine (50 nM) (C,D), or genestein (1 ng/ml) (C,D)for 1 hr as described in Materials and
Methods. Cells were subsequently assayed for changes in growth in lowserum medium. In E and F, data are
presented only for 200 nMindomethacin. Increasing the concentration of inhibitor had no effect on PAF-induced
growth in low serum (data not shown). Data represent cell counts from a minimum of 5 plates per treatment per
time period. Statistical tests (Students t test or ANOVA, post hoc Dunnett's ttest) were performed onday 25.
Statistically significant results are as follows: PAF vs. PAF + CV3988: Student's t=4.8, df=9, p<0.01; PAF vs.
PAF + Kinase Inhibitors: ANOVA, F=18.7, df=2,23, p<0.01; Dunnett's t test: PAF vs. PAF + Staurosporine,
p<0.01, PAF vs. PAF + Genestein, p<0.01.
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Figure 26. PAF-induced Al growth in HFs is dependent upon PAFR and tyrosine
kinase activity but not on cyclooxygenase metabolites of AA or PKC activity

HF's were coincubated with PAF (1 uM) or vehicle and either CV3988 (10 uM), staurosporine (50 nM),
genestein (1 pg/mi), or indomethacin (200 nM) for 1 hr as described in Materials and Methods. Data
represent the number of Al colonies >80 pm per 100,000 cells plated as scored on day 40 after
treatment (n= 5 plates/ condition). Statistical tests (ANOVA, post hoc Dunnett's t test) were performed
on Day 25. Statistically significant resuits are as follows: PAF treatment: ANOVA, F=4.8, df=4,22,
p<0.01; Dunnett's ttest: PAFversus PAF+CV3988, p<0.01, PAF vs. PAF+Staurosporine, p<0.01, PAF
vs. PAF+Genestein, p<0.01.
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HF transformation was insensitive to indomethacin and inhibited by staurosporine. However, itis

important to note that indomethacin was only effective in inhibiting PAF-induced alterations in
REC phenotype when cells were tested under optimal growth conditions. This factindicates that
indomethacin may only influence PAF signal transduction when stimulation occurs in the presence
of excess endogenous growth factors. These dataare summarized in Table 4. If PAF is indeed a
factor contributing to the enhancement of malignancy associated with inflammation, its efficacy
and underlying signal transduction pathways in human and mouse may differ depending upon

environmental conditions.

Table 4. Summary of antagonist/inhibitor data

Treatment? Transformation assaysb
REC HF

Optimal® Suboptimal Optimal Suboptimal
1 2 3 4 1 2 3 4
PAF + + + + NE NE + +
+ Indomethacin +- +/- + + NE NE + +
+ Staurosporine + + + + NE NE - -
+ Genestein - - - - NE NE - -
+ CV3988 - - - - NE NE - -

8Concentrations as Indicated in text

by

ot PAF-Iinduced phenotype; -, indicates inhibition of PAF-induced phenotype; NE, indicates no effect.

CAssays are categorized into optimal and suboptimal culture conditions based on parameters described in the text.

=saluration density; 2=focus formation; 3-growth in fow serum medium; 4=Ai growth. +, indicates enhanced growth; +/-, indicated partial attenuation
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5. Oxyradical Contribution to PAF-Mediated Transformation

Abstract

Exposure to oxyradicals has been shown to induce heritable morphological alterations, decreasesin cell
doubling time, autonomous celi proliferation, and Al growth in normal epithelial cells and fibroblasts
(28,40,44). To determine whether PAF depends upon oxyradical production to induce long-term growth
cnhancementin RECs and HFs, phenotypic transtormation following 1 hr treatment with oxyradicals or
oxyradical-generating systems was comparcd 1o that elicited by PAF administration. RECs and HFs were
exposedto vehicle, H,O, (12.5 - 50 uM), TPA (0.1 - 100 nM), xanthine (100 pM)-xanthine oxidase (0.1 -
4 pg/ml), PAF (0.1 nM - | pM), or isolated human ncutrophils activated with cither TPA or PAF in the
presence or absence of superoxide dismutase (SOD: 25 pg/ml) and/or catalase (6.25 - 100 U/ml). Target
RECs and HFs werc assaycd for changes in (i) cell viability, (ii) doubling time, (iii) focus formation, (iv)
saturation density, and (v) Al growth. Oxyradicalsand oxyradical-generating systems were dose-dependently
cytotoxic to RECs and HFs. No cytotoxicity was observed following PAF trcatment. Relative
cytotoxicity correlated with either the concentration of reactive oxygen species added to the medium or to
the efficacy of the system in gencrating a respiratory burst. PAF was the least effective agent tested in
eliciting oxyradical production and the least cytotoxic. However, only PAF, TPA, PAF-ucated
neutrophils, and TPA-treated neutrophils were found to increase phenotypic transformation,  Equimolar
concentrations of PAF were more effective at transforming RECs and HFs (3-fold increases in saturation
density and Al cloning efficiency) than TPA (no increases in saturation density and a 2-fold increascin Al
cloning efficiency). TPA-induced Al transformants were, however, more genetically stable than PAF-
transformed clones demonstrating faster growth rates in soft agarose and enhanced cloning cfficiency upon
retesting compared to PAF-trcated colonies. Both TPA- and PAF-induced phenotypic transformation
following direct exposure could be attenuated by treatment with SOD and/or catalasc, implicating 0, and
H,0, in the mediation of long-term growth enhancements. When RECs were co-cultured with TPA- or
PAF-activated neutrophils, PAF trcatment was more effective than TPA in eliciting target cell
transformation despite the fact that TPA (10 nM) induced a 10-fold stronger respiratory burst in human
ncutrophils than PAF (10 nM). Data demonstrate that TPA- and PAF-treated neutrophils release agent(s)
that elicit cell proliferation in RECs and HFs. Two possibilitics are discussed. (1) DNA damage elicited
by H,0, mediates target ccll transformation. (2) Stimulation with proinflammatory agents clicits an
autocrine fecdback loop through an H,0, intermediary that sustains cell profiferation. It is suggested that

TPA works through the former mechanism to elicit phenotypic transformation while PAF works through
the latter mechanism to sustain cell growth.

Introduction

As reviewed in Chapter II, Section3, oxyradicals may be involved in the pathogenesis of
cell proliferative disorders. Oxidative damage of DNA is believed to mediate malignant
transformation by promoting successive genetic alterations in exposed cells leading to growth
deregulation (27,39,43). Because PAF has been shown, in inflammatory cells, to elicita weak
respiratory burst (ChapterII, Section 5), the possibility that oxyradicals may play arole in PAF-

induced phenotypic transformation of RECs and HFs was assessed. Cells were exposed to
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oxyradical-generating agents (TPA, xanthine-xanthine oxidase), oxyradicals (HZOZ)’ or human
neutrophils activated with either TPA or PAF in the presence or absence of oxyradical scavengers
(superoxide dismutase (SOD), catalase) and alterations in growth kinetics were determined as

described in the previous experiments (Chapter I1I, Sections 3-4).

Materials and Methods
Cells and cell culture

RECs and HFs were as described in Chapter III, Sections 2-4. Polymorphonuclear
neutrophils were isolated from normal human donors essentially as described in (39) with the
exception that sterile solutions and procedures were employed. Neutrophils were judged to be

99% polymorphonuclear leukocytes by microscopic examination of Wright’s stained samples.

Treatment and transformation assays

RECs and HFs (characterized in Chapter III, Section 2) were treated as described in
Chapter III, Section 3 with the exception that cultures were exposed to either vehicle, PAF (1
uM), PAF + SOD (25 pg/ml; Sigma, MO) and/or catalase (100 U/ml; BDH, Ont), H202 (12 -50
uM; Sigma, MO), TPA (0.1 nM - 1 uM), or xanthine (100 uM; Sigma, MO) - xanthine oxidase
(0.1-4 pg/ml; Sigma, MO). RECs were also coincubated with vehicle-treated human neutrophils,
TPA (10 - 100 nM)-treated neutrophils, or PAF (1 pM - 10 nM)-treated neutrophils. Where
treatment with oxyradical scavengers is indicated, inhibitors were added 15 min prior to co-
incubation and treatment continued for 1 hr following PAF or vehicle administration. The ability
of these compounds to induce oxyradical production in human neutrophils was confirmed

spectrophotometrically by reduction of cytochrome C as described in (24). Where treatment with

neutrophils is indicated, 5x105 white blood cells were exposed to ligand or vehicle in
DMEM+0.2% BSA for 5 min at 37°C, washed free of activator in PBS, and co-incubated with
target cells for 1 hr in DMEM+0.2% BSA. REC and HF cultures were then assayed for
phenotypic transformation as described above (Chapter III, Section 3). Some Al colonies were

cloned and grown to a suitable density to permit further immunohistochemical analysis as
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described in Chapter III, Section 3. These cells were also retested for long-term phenotypic
transformation in the absence of further treatment as described in Chapter 111, Section 7.

Statistical a'nalyses were performed as described in Chapter III, Section 2.

Results and Discussion

Comparison of treatment with oxyradical-generating agents and PAF on REC transformation
Activated phagocytes at sites of chronic inflammation release agents that may mediate

malignant transformation of neighbouring cells. As indicated in Chapter II, Section 3,

experimental evidence implicates oxyradicals in this process. TPA acts directly on PKC to induce

a powerful respiratory burst in inflammatory cells and may stimulate oxyradical production in non-

inflammatory cells. Xanthine-xanthine oxidase treatment chemically generates exogenous O, that
spontaneously converts into HyO,. PAF has been shown to elicit a wide variety of responses
associated with phagocytic activationincluding respiratory burst, adherence to endothelial cells,
and enhanced phagocytosis (Chapter II, Section 5). Coincubation of primary murine cell explants
with activated phagocytes or oxyradical-generating systems has been shown to induce heritable in
vitro phenotypic alterations in target cells and increased tumourgenicity when transformed clones
are implanted in syngeneic or athymic hosts (5,11,12,32,39,43). In the present series of
experiments, a similarrate of in vitro transformation was observed upon direct exposure of RECs
to oxyradical-generating agents (Table 5). TPA (100 nM) was found to induce Al growth. While
cloning efficiency did not reach statistical significance, the reliability of the data was confirmed by
four observations. First, TPA-induced Al colonies were the fastest growing colonies observed
across treatments with colony size reaching over 300 um in 30 days. Second, induction of Al
growth appeared to be blocked by co-administration of 100 U/ml catalase during TPA treatment
indicating specificity of the response for oxyradical (H,0,) production (data not shown). Third,
cells derived from TPA-induced Al colonies were morphologically transformed (Figure 27).
Fourth, TPA-induced clones (Agal-5) demonstrated enhanced Al growth (Cloning efficiency:
Agal, 0.28%; Aga2, 0.28%; Aga3, 0.46%; Agad, 0.37%; Aga5, 0.67%) compared to untreated
REC:s cultured for an equivalent period time (Cloning efficiency: <0.01%).

In every case, PAF was more effective at eliciting alterations in REC focus formation,
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Table 5. Trahsformation-associated propetrties in RECs exposed to oxyradicals

Properties Treatment?
Vehicle PAF TPA

10 nM 1uM 0.1 nM 1nM 10 nM 100 nM
Cytotoxicity? 100+6.3 | 103.2+11.7 [112.7+9.3| 107 117.8 82.7 45.2
(% viability) (n=6) (n=6) (n=6) +2.7 +17.1 +10.5 +3.9**
Focus Formation® |50+18.1(135.9+432.4*| 0G 41.1 60.7 38.4 26.7
(colonies/plate) (n=5) (n=7) +6.9 +18.6 +8.5 +11.6
Saturation Densityd| 1.1x10% | 2.1x108 | 3.8x106 | ND 1.6x10° ND ND
(cells/plate) +3x10% | +1x105* |.+5x105* +2x105
Al colonies® 0 4.842.5 | 22+5.3" ND 0.4+0.2 | 0.6+0.6 | 1.2+0.4
Cloning efficiency ! | <0.01 0.03 0.15 ND <0.01 <0.01 0.02
(%)

Xanthine (100 uM)/Xanthine Oxidase
0 ug/ml 0.1 ug/ml |0.5 ug/ml} 1 pg/ml 2pg/ml | 4 pg/mi

Cytotoxicity? 100:3.4 | ND ND | 86.741.4 | ND ND
(% viability)

Focus Formation® 62.8 727 | 69.1 64.5 55.9 48.7
(colonies/plate) +0.7 +11 +11.3 +12.8 +9.8 +1.5
Al colonies® 0.6+0.4 0.840.3 |0.6+0.3| 0.5+0.2 0.6+0.3 | 1.0+0.5
Cloning efficiency | (%) <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

3pata represent the mean +SEM of n=5 plates unless otherwise indicated. Asterisks indicate statistically significant differences as described in
Materials and Methods (* p<0.05; ""p<0.01). ND, not determined.

bCytotoxlcity was assessed by plating 200 cells/6 cm dia. dish, treating tor 1 hr with the indicated compounds as described in Materials and Methods
and allowing cells to grow in complete medium for 10 days. Colonies (>50 cells) were scored. n, number of plates counted. TPA ANOVA: F=8.9,

df=527, p<0.01; Dunnett's tTPA 100 nM vs. Vehicle p<0.01.

€Foci( >60 um in diameter) were counted 21 days after treatment as described in Materials and Methods. n, number of plates counted. OG,
overgrowth of cells to a degree that individual foci could not be scored. Number of foci /TPA treatment reported in Table was not comected for
cytotoxicity. Correction did not affect statistical significance (data not shown). PAF ANOVA, Dunnett's £ See Table 3

9 The number of cells/6 cm diameter tissue culture dish was counted 10 days after saturation had been reached in vehicle-treated cultures as
described in Materials and Methods. PAF ANOVA, Dunnett's t: See Table 3.

€ The number of Al colonies (>80 pm in diameter)/ 6 cm dish were counted 40 days following treatment (n=5). PAF ANOVA, Dunnett's t:See Table 3.
'AI cloning efficiency In soft agarose was estimaled by correcting for both the plating efficiency of cells in monolayer culture (1x105cell plated; 15%

plating efficlency ; 1.5x10% viable cells) and cytotoxicity associated with treatment.  Cloning efficiency was expressed as the percentage of viable
cells plated in soft agarose.
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saturation density, and Al growth than all of the other agents tested despite the fact that PAF was
less effecpive at promoting a respiratory burst in isolated white blood celis (data not shown).
However, unlike TPA-transformed RECs, PAF-transformed clones were not genetically stable.
This phenomenon is examined in detail in Chapter 111, Section 7. Briefly, enhanced growth
kinetics were observed for up to 60 days after treatment followed by phenotypic reversion.

The present series of experiments also replicate previous experiments (5,11,39) indicating
that TPA-activated phagocytes can mediate in vitro alterations in REC phenotype (Table 6). In
addition, new evidence is provided demonstrating that PAF-activated cells can elicit long-term
changes in REC growth kinetics (Table 6). These data permit comparisons of direct and indirect
PAF exposure. Co-culture of RECs with PAF (10 nM)-treated neutrophils elicited comparable (or
greater) focus formation, saturation density, and Al growth (Table 6) as direct administration of 1
HM PAF to REC cultures (Chapter II, Section 2, Table 3).  Thus, the ability of PAF-treated
neutrophils to induce REC transformation was dose-dependent and saturable at a lower
concentration than that observed following direct treatment of target cells. These data, and the fact
that PAF-activated phagocytes were washed free of ligand prior to REC exposure, suggest that it
is urlikely that REC growth enhancement was elicited by residual PAF present in neutrophil
suspensions. Rather it would appear that PAF-activated neutrophils release factor(s) that trigger
long-term changes in REC proliferative capabilities. These data permit speculation into the
mechanisms underlying PAF-induced phenotypic transformation following either direct or indirect
exposure to ligand. Transient stimulation with PAF could trigger the release of ‘transtorming
factors.’

How might this process influence long-term transformation? Two possibilities are
suggested: (1) the ‘transforming agent(s)’ putatively produced in both RECs and neutrophils in
response to PAF are mutagenic inducing malignant transformation by damaging DNA and/or (2)
an autocrine feedback loop is elicited in RECs following brief exposure to PAF or to the
downstream ‘transforming agent(s)’ that promotes sustained cell growth in the absence of

permanent genetic alterations.
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Figure 27. Morphological transformation of TPA (10 nM)-induced Al clones

RECs were exposed to 10 nM TPA for 1 hr and then assayed for phenotypic transformation as
described in Materials and Methods. Five Al colonies were cloned and grown to a suitable density to
permit evaluation. Transformed cells were demonstrated to be fibroblast in origin by
immunohistochemistry (data not shown). Representative photomicrographs depict phase contrast
microscopy of methylene blue stained cultures illustrating morphological transformation of TPA-treated
clones. (A) untreated RECs. (B) Representative TPA-induced Al clone (Aga3). Control cells were
grown for the same amount of time as TPA-treated clones. PAF-treated clones did not exhibit
morphological transformation. (A) Scale bar=10 um. (A) Scale bar=20 um.
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Table 6. Transformation-associated properties in RECs exposed to activated neutrophils

Properties Treatment?
Untreated Activated Neutrophils
PAF TPA

Vehicle 1 pM 0.1 nM 10 nM 10nM | 100 nM
Focus Formation? 50 |46.4+6.3|97.5+31.8]180.3+59* | 160.4+48.6*| 66.2 |49.5+4.1
(colonies/plate) +18.1 n=12 n=17 n=6 n=12 +12.5 n=7
Saturation Density® | 1.2x10% | 1.3x108| ND ND 2.2x10% | 1.8x108 | ND
(celis/plate) £3x105 | +2x105 £8x10%* | +8x105
Al coloniesd 0.7+40.3 | 0.7+0.2 ND ND 6.3+2.1* [2.84+0.6**| ND

n=6

Cloning efficiency® <0.01 <0.01 ND ND 0.04 0.02 ND
(%)

3RECs were elther left untreated or coincubated with 5x105 neutrophils previously activated with the indicated compounds. The effect of direct ligand
administration to target cells is summarized in Chapter iI, Section 2, Table 3 and Table 5 above. Neutrophils were washed free of activating agents

prior to REC exposure. Details are as in Malterials and Methods. Data represent the mean + SEM of n=5 plates unless otherwise indicated. Asterisks
indicate stalisticaily significant differences as described in Materials and Methods (" p<0.05; “*p<0.01). ND, not determined

b Foci ( >60 um in diameter) were counted 21 days after treatment as described in Materials and Methods. n, number of plates counted. PAF-treated
neutrophlls ANOVA: F=2.4, d1=4,48, p<0.05; Dunnett's t PAF 0.1 nM vs. Vehicle, p<0.05; PAF 10 nM vs. Vehicle:, p<0.05.

©The number of celis/6 cm diameter tissue culture dish was counted 10 days after saturalion had been reached in untreated cultures as described in
Materials and Methods. PAF 10 nM vs. Vehicle Student's {=3.8, di=8, p<0.01.

d The number of Al colonies (>80 um in diameter)/ 6 cm dish (1x105 celi plated; 15% plating efficiency ; 1.5x10% viable cells) were counted 40 days
following treatment (n=5). Neutrophils vs. PAF+ Neut. Student's ! -2.4, df=9, p<0.05; Neutrophils vs. TPA+ Neut. Student's ¢: -3.9, df=8, p<0.01.

eal cloning efficiency in soft agarose was estimated by comecting for both the plating efficiency of cells in monolayer culture (1x1050ell plated; 15%

plating efiicienc ; 1.5x10% viable cells) and cytotoxicity associated with treatment. Cloning efficiency was expressed as the percentage of viable cells
plated in soft agarose.

Role of oxyradicals in PAF-mediated HF transformation

To determine whether PAF-mediated transformation of HFs in the absence of neutrophils
depends upon oxyradical production, HFs were treated with either vehicle or PAF (I uM) in
association with SOD (25 pg/ml) and/or catalase (20-100 U/ml) and assayed for growth in low
serum medium. Data are presented in Figure 28. Exposure to oxyradical scavengers attenuated
PAF’s ability to induce autonomous cell growth in HFs. Catalase was equally effective in
inhibiting PAF-induced growth in low serum as the combination of SOD and catalase, implicating
H,0, in PAF-induced transformation (Figure 28, inset). Since H,0, has been shown to be both
mutagenic or mitogenic depending on cell type, PAF may work through the reactive oxygen
species to elicit phenotypic transformation in target cells by either damaging DNA or stimulating

cell growth. If H,0, is the primary effecter of PAF’s actions, then it follows that exposure to the
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reactive oxygen species under the same experimental conditions should elicit similar rates of
transformation in HFs as PAF itself. To test this hypothesis, HFs were exposed to H,0, (0-50
UM) for I hr in serum-free DMEM and assayed for growth in low serum. Data are presented in
Table 7. H,0, was dose-dependently cytotoxic and, consequently, decreased cell number on Day
25 after treatment compared to vehicle-treated cells. When cell number was corrected for
cytotoxicity, bolus exposure to H,0, had no effect on HF growth in low serum medium even at
subtoxic concentrations (12 uM). However, these data do not rule out the possibility that
exposure to a low, constant flux of H,0, over the | hr treatment period could influence the ability
of HFs to exhibit autonomous cell growth

These data provide preliminary evidence that brief exposure to PAF elicits synthesis and
release of ‘transforming’ factor(s) that enhance cell growth in normal cells. In addition, these data
extend the previous inhibitor studies (Chapter I1, Section 4), indicating that PAF works through
not only PAFR, tyrosine kinases, and, in some cases, cyclooxygenase metabolites of AA and/or

PKC but also requires H,0, intermediaries to transduce a sustained mitogenic signal.

Table 7. Cytotoxicity and growth in low serum in HFs following
exposure to H,0,

Properties Ho0, Treatment?®

Vehicle 12 uM 25 uM 50 uM
Cytotoxicityb 100 78.7 55.4 48.3
(% viability) +3.8 +16 +13.4* +9.9**
Growth in low serum® | 4.0x10% | 3.2x105 | 2.2x105 | 1.9x105
(cells/plate) +1.6x10% | +8.3x10% | +7.0x10% | +5.1x10%

2pata represent the mean + SEM of n=5 plates unless otherwise indicated. Asterisks indicate statistically significant differences as described in
Materials and Methods (~ p<0.05; *"p<0.01). ND, not determined.

bCy!oloxlcny was assessed by plating 200 cells/6 cm dia. dish, treating for 1 hr with the indicated compounds as described in Materials and Methods
and allowing cells to grow in complate medium for 10 days. Colonies (>50 cells) were scored are reported. n, number of plates counted. ANOVA:

F=4.0, d=3,16, p<0.05; Dunnett’s t Vehicle vs. H202, p<0.05; Vehicle vs. H202, p<0.01.

¢ Following treatment, cells were grown in DMEM+0.5% FCS. Observations were carried out for 25 days. Data represent tolal cell number/ plate (n=5
plates/condition) without correction for increases in the rate of cell death observed immediately atter H202 treatment. No statistically signiticant
difference was observed when final cell number was corrected for cylotoxicity observed during the 1 hr treatment.
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Figure 28. Oxyradical scavengers inhibit PAF-induced HF growth in low serum
medium

HFs were treated for 1 hr with either vehicle (A) or PAF (1 uM) (B) in conjunction with SOD (25 ng/ml) and
catalase (100 U/ml) and subsequently assayed for growth in low serum medium. Data represent cell
counts from a minimumof 5 plates per time period. Statistical comparisons were made on Day 25 after
treatment. Inset in (B) depicts the effect of treatment with catalase (0-100 U/ml)in the absence of SOD
on PAF (1 uM)-induced growth in low serum medium on Day 25. Inactive refers to 100 U/ml heat-
inactivated catalase. Details as described in Materials and Methods. Statistically significant results
are as follows: PAF (1 uM) vs. PAF+SOD+catalase: Student's t=2.4, df=11, p<0.05; PAF+Catalase
ANOVA: F=10.7, df 4,27=, p<0.01; Dunnett's : PAF vs. PAF+catalase (12 uM), p<0.01; PAF+catalase
(25 uM), p<0.01; PAF+catalase (50 pM), p<0.01; PAF+catalase (100 uM), p<0.01.
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6. Mutagenic Potential of PAF

Abstract

The possibility that PAF induces heritable genctic alterations in non-inflammatory cells was assessed in
RECs andMC cells by evaluating changes in hypoxanthine/guanine phosphoribosyltransferase (/ipr1) gene
function following ligand treatment. MC cclls are derived from a hypotetraploid male tibrosarcoma murine
tumour cell line that has been mutated and sclected to be sensitive to mutagenic and clastogenic damage
(41). RECs or three phenotypically distinct MC clones were treated with PAF for various periods of time.
MC clones were chosen on the basis of their inherent genetic stability with respectto Aprt gene function,
MN3 exhibits a low spontancous mutation rate; MC20 exhibits an intermediate spontancous mutation ratc;
MC25 exhibits a high spontanecous mutation rate {(41). Nonc of these cell lines exhibited increased
induction of sprr- mutants in response to PAF trcatment. In keeping with the lack of genotoxicity reported
for PAF in the literature, these results suggest that PAF is not a strong mutagen and hence probably does

not induce long-term cell proliferation through heritable genctic alterations.

Introduction

Malignant transformation is generally accepted to be a multi-step process of successive
genetic alterations within a single cell and its progeny. These heritable changes usually represent
genetic mutations, translocations, clastogenic loss, or other DNA damage within crucial sequences
of specific genes (proto-oncogenes or tumour suppressor genes). Genetic damage can abrogate
subsequent protein function and induce growth deregulation and/or other metastasis-related
phenotypes. There is evidence to suggest that the inflammatory environment may contribute to
this process (Chapter II, Section 3). A number of proinflammatory agents, most notably
oxyradicals, have been shown to be mutagenic in vitro. Since PAF depends upon oxyradical
intermediates (specifically H202) to alter REC and HF phenotype (ChapterIII, Section5), thenit
is possible that PAF may be mutagenic. To evaluate this hypothesis, alterations in the
hypoxanthine/guanine phosphoribosyltransferase (hprf) gene function following exposure to the
ligand were monitored in RECs and MC cells.

In terms of mutagenic experimentation, the iprt gene provides an ideal, endogenous target
to monitor the rate of random mutagenic and clastogenic events induced by environmental agents.

This system has been discussed extensively in (41). Briefly, the presence or absence of functional

protein can be detected phenotypically by drug selection. HPRT™ cells are sensitive to the drug 6-

thioguanine (6-TG) and resistant to the combination of hypoxanthine, aminopterin, and thymidine
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(HAT). Conversely, HPRT™ cells are resistant to 6-TG and sensitive to HAT. [In vitro

experimental design profits from exploitation of this phenotype. Targetcells are exposed to HAT

to ensure homogeneity of hprt gene expression (HPRT- cells are killed), treated with potential

mutagens, and selected in 6-TG-containing medium. The number of HPRT™ mutants (6-TG-
resistant cells) generated by the treatment is quantified permitting assessment of relative mutagenic
potential. In the present studies, the mutagenic ability of PAF was evaluated. RECs and MC
tumour cells were assayed for alterations in HPRT phenotype following ligand treatment. MC
cells are a mouse fibrosarcoma line designed by D. Wilkinson and H.C. Birnboim to exhibit

enhanced sensitivity to clastogenic and mutagenic agents compared to other cell lines (41).

Materials and Methods
Cell lines

RECs were isolated as described in Chapter 11, Section2. MC cell lines were derived
from a hypotetraploid male fibrosarcoma murine tumour with three X chromosomes and numerous
autosomal-X translocations. These cell lines were engineered by D. Wilkinson and H.C.
Birnboim to be more sensitive to a variety of mutagenic and clastogenic agents than many other
cell lines. This process is described in detail in (41). Briefly, all /iprr loci were inactivated by
treatment with methylnitrosourea and a single revertant was selected and cloned. Clones were then
characterized for spontaneous loss of Aprt gene function (HPRT" phenotype) and endogenous hprt
reactivation (reversion to HPRT*phenotype). Different MC lines were shown to exhibit different
degrees of genetic instability, presumably related to which hprr gene was re-activated during
cloning selection. Stability was assessed by quantifying the rate of spontaneous hprt gene
function loss. Three clones were employed in the present study: (1) MN3 exhibiting low

spontaneous induction of HPRT™ phenotype, (2) MC20 exhibiting intermediate spontaneous gene

deactivation, and (3) MC25 exhibiting a high frequency of spontaneous HPRT™ mutants. MN3

also contains a neomycin resistance gene construct rendering it sensitive to G418 drug selection
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Treatment and Mutagenic assay

Cells were cultured in DMEM+10% FCS+HAT (0.1 mM hypoxanthine/0.4 uM
aminopterin/15 UM thymidine) for 5 days to rid cultures of contaminating 6TG-resistant cells.
Media was replaced with DMEM+10% FCS+HT (no aminopterin) and cells maintained for an
additional 2-3 days. 100,000 cells were then seeded per 10 cm dia. tissue culture dish in
DMEM+10% FCS (non-selection medium) and allowed to plate overnight. The following day,
cultures were treated with PAF (10 nM - 1 uM) or vehicle in serum-free DMEM + 0.2% BSA for

1, 24, 48, or 72 hr. Following treatment, cells were incubated for 48 hr in non-selection medium.

HPRT mutants were selected in DMEM+ 10% FCS containing 50 uM 6-TG (selection medium)
for 14 days with twice weekly feedings. Plates were fixed in methanol and stained with 1%
methylene blue in 50% ethanol. Colonies >50 cells were scored. Cells were also plated in soft
agarose and fed with selection medium ensuring a final concentration of 40 UM 6-TG throughout
the agarose layer . Colonies >80 pum in dia. were counted 26 days after plating. Alldrugs were

obtained from Sigma, MO.

Results and Discussion

Table 8 indicates the number of HPRT™ mutants generated in MN3, MC20, and MC25

cells following exposure to PAF. In each case, PAF failed to increase mutation frequencies.

Table 8. PAF has no effect on HPRT phenotype

Spontaneous Mutation Rate (HPRT™ phenotype)
Treatment? Low : MN3 Intermediate: MC20 High: MC25
1hr |24hr] 48hr| 72hr| thr [ 24 hr{ 48hr| 72hr | 1hr | 24hr |48 hr| 72 hr
Vehicle 0.8 09| 56| 1.9 | 0.6 |38.7| 60.6 |24.4| 33
+0.5| ND ND ND | +0.3] +1.6| +0.6 | +0.3 | +4.3 | +7.0 | +3.6
n=9 n=10| n=7 | n=9 | n=10 | n=10| n=5 | n=5 | n=1
PAF10NnM | 2.0 13| 23| 0.7 | 0.2 |60.6| 98 | 58.2
+0.6 | ND ND ND | +0.3| +1.1| +0.4 | +0.2 | +8.8 | +10.6| +8.0 | ND
n=3 n=11 | n=10| n=10| n=10| n=5 | n=5 | n=5
PAF 1 uM 1.4 06| 29| 25| 0.1 |546| 27 |47.2|{ 113
+0.4 | ND ND ND | +0.3| +1.2| +0.6 | +0.1 | +3.5 +2.0] +2.3
n=5 n=10| n=9 | n=10| n=10| n=5| n=1 | n=5 | n=3

3pata represent the number of HPRT™ c:olonles/w5 cells treated as described in Materials and Methods (mean + SEM). n, number of replicates.
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Because MC cells are already transformed, it is possible that PAF may not elicit the same effects in
these cells as in RECs. (It is also possible that MC cells lack PAF receptors and, hence, are
unable to respond to the ligand. This possibility is addressed in Chapter III, Section 2.)

Alterations in HPRT locus were also assessed in RECs. RECs failed to demonstrate any

spontaneous HPRT™ mutants under any of the treatment conditions. Given the difficulty in
establishing low level mutation frequencies, these data cannot definitively rule out the possibility
that PAF can induce some form of genetic damage. However, these experiments do establish that
the compound is not highly mutagenic. This conclusion is supported by the literature. As
discussed in Chapter II, Section 5, synthetic PAF analogues have been used as chemotherapeutic
agents. These analogues have been engineered for enhanced cytotoxicity and reduced catabolic
deactivation. Despite extensive investigation, none of these compounds have been shown to elicit
DNA damage or increase mutagenesis. It would appear then that PAF probably does not induce

alterations in cell number through heritable genetic mutation.
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7. Stability of PAF-Induced Phenotypic Transformation

Abstract

PAF-induced phenotypic transformation of RECs and HFs was not genctically stable and was not heritable.
PAF induced focus formation, increased saturation density, autonomous cell growth, and Al growth was
shown to be limited to a 50 day period (RECs) or a 40 day period (HFs) observable 10 days after treatment,
Cells then revertedto a normal phenotype. PAF-transformed focus and Al clones cxhibited slightly
cnhancedrates of cell growth when re-assayedin the absence of PAF with cell proliferation lasting up to 80
days after treatment. However, these propertics were not stable (ic. < 100 days)and were not substantially
enriched comparedto the parent population. The atypical temporal Kinctics of this effect were surprising.
Although exposure to PAF failed to immortalize RECs or HFs. results indicate that approaching
senescence was not the reason for phenotypic reversion, These data demonstrate that PAF can induce long-
term phenotypic transformation in the absence of further PAF stimulation but suggest that this effect is not
permancnt and, therefore, is probably not the result of heritable DNA alterations.

Introduction

In preceding experiments, brief exposure to PAF was found to induce long-term
phenotypic changes in REC and HF growth kinetics without inducing any measurable increase in
mutagenesis. Although this finding does not rule out the possibility that PAF is a weak mutagen,
it does demonstrate that mutational events in rare cells probably does not account for the large-
scale growth enhancement observed throughout the treated population. These data indicate that
PAF-induced alterations in primary cell proliferation may not be the result of heritable changes in
the genome of affected cells and, hence, do not represent a permanent phenotype. To determine
the longevity of PAF-induced transformation of RECs and HFs, PAF-treated cells were assayed
for focus formation, increases in saturation density, growth in low serum, and Al growth over a

100 day period in the absence of further treatment.

Materials and Methods
Treatment, transformation assays, and cloning

RECs and HFs were treated with | UM PAF or vehicle and assayed for (i) cell viability, (i)
doubling time, (iii) saturation density, (iv) focus formation. (v) growth in low serum medium, and
(vi) Al growth as described in ChapterI11, Section 3. Following treatment, cells in group (iii) and

(v) were trypsinized and 100,000 cells were allowed to attach overnight in complete mediumin 6
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cm dia. dishes. Cells were retested for changes in cell viability, doubling time, saturation density,
and growth in low serum medium over four or five successive 20 day periods (a total of 80-100
days of growth) in the absence of further PAF exposure. In addition, individual foci and Al
colonies were isolated following the initial assay and grown in DMEM+10% FCS until a suitable
cell number was obtained for immunohistochemical characterization as described in Chapter II,
Section 2. These clones were also reassayed for phenotypic transformation in the absence of

further PAF exposure.

Results and Discussion
Stability of REC transformation

Transformed clones were isolated from PAF (10 nM)-treated foci (n=4), PAF (1 uM)-
treated Al colonies (n=5), and C-PAF (0.1 nM) (PAF’s unmetabolizable analogue)-treated Al
colonies (n=2). Clones were picked 25-30 days after treatment and grown to a suitable density to
permit further investigation (a range of 25-40 days depending upon the clone). Untreated cells
were cultured for the maximal period of time to permit comparison. Dataare summarized in Table
9. Asindicated, cell types were identified by immunohistochemistry; two clones were epithelial in
origin while all others were composed of fibroblasts. The observation that PAF can acton both
fibroblasts and epithelial cells is a finding of some relevancy to human cancers given the
predominance of epithelial cell carcinomas over fibrosarcomas. However, PAF-induced growth
enhancement in RECs was not genetically stable. Cloning of foci and Al colonies did not
substantially enrich phenotypic transformation. PAF-transtormed foci did not demonstrate
increased focus-forming ability or saturation densities, exhibited modest increases in growth in
low serum, and displayed only occasional Al growth compared to untreated cells. PAF- and C-
PAF-transformed Al colonies retained their altered phenotype to a slightly greater extent than focus
clones, exhibiting enhanced focus formation and the ability to sustain growth in low serum.
However, they failed to maintain autonomous cell growth indefinitely (ie. > 60 days) or to exhibit
substantial increases in Al growth compared to untreated controls. These data suggest that brief
exposure to PAF induces transient, albeit long-lasting, changes in REC growth kinetics that do not

depend upon heritable genetic alterations.
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Table 9. Transformation-associated properties of PAF- and C-PAF-induced focus and Al clones

Cell Type

Properties?® Clones
Untreated PAF (1 uM)-induced Al clones
Recs PAG1 PAB2 PAG3 PAG4 PAGS
Doubling Time (h)
Cell cpunt‘ 31.4 33.1 41.7 35.4 37.7 37.1
Thymidne incorp. 31.4 30.1 28.1 37.9 38.6 38.1
Focus Formation?  |50.6 £8.3| >500 >500 | 88.5+1.0 515.5:30.9(465.2+48.2
(colonies/plate) N
Saturation Density® | 1.2x10% | 3.9x10% | 2.2x10% | 1.0x108 | 1.3x10% | 1.0x10°
(cells/plate) £3x10% | +5x10%**| +6x10% | +1x10% | +2x10% | +2x104
Growth in low serumd
Doubling time (h) 142+10.8 |115.6+0.3| 66.1+0.9"" | 147.4+5.8 | 92.6+2.8** |48.5+2.8**
Days of growth 6 20 30 6 30 20
Al colonies® 0 8.3+0.8"" | 1.5+0.2 2+0* 2.1+0.6* | 2:0.6*
Cell typef F/E F F F F F
C-PAF (0.1 nM)- PAF (10 nM)-induced focus clones
induced Al clones
CP101 CP102 PF81 PF82 PF83 PF84
Doubling Time (h)
Cell c.ount. 44.7 29.2 33.1 52.8 58.3 40.5
Thymidne incorp. 46.5 25.1 32.7 50.2 60.1 41.2
Focus Formationb ND ND 58+9.8 10846.3"* | 53.7+2.6 |69.4+11.4
(colonies/plate)
Saturation Density® | 1.6x108 | 1.4x10% | 8.8x10° | 8.0x105 | 7.2410% | 6.7x10°
(cells/plate) +9x10% | +7x104% | +5x104 +2x10° +3x104 | +4x104
Growth in low serumd
Doubling time (h) 83.9+2.5%*|71.6+1.7"") 71.2+0.5** | 120.8+4.1* |69.4+2.6**| 158.4+0.6
Days of growth 30 30 8 8 30 30
Al colonies® 2.540.5**| 1.4+0.1" 0 0 1.64+0.3* 0
f F F F E E F

“Details described in Materials and Methods.. Data represent mean + SEM of n=3 replicates (100,000 cells plated in each teial/15,000 viable cells). ND. not

determined

walisticu]]y significant comparisons PAF Al clones ANOVA: F=71.3, df=3,16, p<0.01: Dunnett's 1 PA64 vs. Untreated, p<0.01: PA65 vs. Untreated. p<0.05;

PAF focus clones ANOVA: F=8.1, df=4.20, p<0.01: Dunnett's £ PA6+4 vs. Untreated, p<0.01: PA6S vs. Untreated, p<0.01.

Statistically significant comparisos: PAF Al clones ANOVA: F=10.0, df=5,24, p<0.0%; Dunnett’s 2 PA6) vs. Untreated, p<0.01: PA62 vs. Untreated, p<.05.

dGrowlh was determined over a maximal 30 day period. Statistically significant comparisons: PAF focus clones ANOVA; F=58.5, df=4,20, p<0.01; Dunnett’s
PF81 vs. Untreated, p<0.01: PF82 vs. Untreated, p<0.05; PF83 vs. Control, p<(.01: P84 vs, Untreated, p<0.05; PAF Al clones ANOV A: F=77.2, df=5.24,

p<0.01; Dunnett’s . PA61 vs. Untreated, p<0.01: PA62 vs. Untreated, p<0.01; PA64 vs. Untreated, p<0.01; PA6S vs. Untreated, p<0.01; C-PAF Al clones
ANOVA: F=33.7, df=2.12, p<0.01: Dunnett’s £: CP101 vs. Untreated, p<0.01; CP102 vs. Untreated, p<d.01.

“Statistically significant comparisons: PAF Al clones ANOVA: F=5.0, df=5.24, p<0.0L; Dunnett’s . PA61 vs. Untreated, p<0.01, PA63 vs. Untreated, p<0.05;
PA64 vs. Untreated, p<0.05; PA65 vs. Untreated, p<0.05: PAF focus clones ANOVA: F=51.2, df=4,19, p<0.01; Dunnett’s & PF83 vs. Untreated, p<.0l; C-PAF

Al clones ANOVA: F=16.9, df=2,12, p<0.01: Dunnett’s 2 CP101 vs. Untreated, p<0.01; CP102 vs. Untreated, p<0.05.

TUnteeated RECs | cultured identically to clones, are composed almost entirely of fibroblasts <0.1% epithelial cells. F, fibroblast; E, epithelial cells.
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RECs are not immortal. This characteristic could account for the apparent lack of genetic
stability observed following PAF treatment. Putative genetic alterations and consequent
phenotypic enrichment might not be detected if clones were reaching senescence at the time they
were retested. There is some indication that this may be the case. Although the majority of clones
and passage-matched controls exhibited comparable doubling times to early passage RECs
(approximately 33 hr), four clones (PF82, PF83, PF84, and CP101) demonstrated a substantially
delayed rate of cell replication (Table 9). Two clones (PF82 and PF83) were composed of
epithelial cells and this homogeneity probably accounts for the difference in doubling time
compared to the mixed parent population. However, PF84 and CP101 were fibroblast in origin.
It is possible that these clones were derived from a phenotypically different anatomical or
embryonic site within the primary explant and this difference explains their altered doubling time
compared to the majority of cells comprising the REC population. Alternatively, the extended
doubling time could also be the result of approaching senescence. To test this hypothesis, RECs
were treated for 1 hr with either PAF (1 uM) or vehicle, assayed for growth in complete medium
or growth in low serum over a 20 day period, passaged in the absence of further PAF exposure,
and retested for enhanced growth in either medium. This time frame precludes observation of
PAF-induced increases in REC saturation density. The protocol was repeated four more times
(100 days of growth). Data are presented in Figure 29. As described in Chapter 111, Section 3,
PAF had no effect on cell doubling time in complete medium (Figure 29A). Both PAF- and
vehicle-treated cells showed signs of approaching senescence at approximately the same time (90
days after treatment) after approximately 75-80 doublings. (This estimate takes into consideration
the number of doublings third passage RECs had sustained prior to treatment.) When cultured in
low serum medium, PAF increased the ability of RECs to sustain autonomous cell growth over a
50 day period between Day 10 and Day 60 (Figure 29B). Prior and subsequent to these time
points, cell doubling times (ie. slope) were equivalent. In each 20 day test period, vehicle-treated
cells demonstrated approximately 1.1 doublings over the first 10 days of testing and 0.25
doublings over the second 10 day period. PAF-treated cells exhibited 1.4 doublings over the
entire 50 day ‘proliferative window.” Cells grown in low serum containing medium sustained

approximately 7-10 doublings (depending on treatment). These cultures did not show any
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Figure 29. Stability of PAF-induced REC growth enhancement

RECs weretreated for 1 hr with either vehicle or PAF as described in Materials and Methods. 100,000
cells werethen cultured in complete medium (A) or low serum medium (B) and the number of doublings
calculated using Coulter Counter cell counts over successive 20 day periods. Cells were fed twice
weekly and were passaged at the end of each 20 day test period (arrows) Datarepresent the mean of
5-12 replicates per time period. In (B), open symbols indicate replacement of low serum mediumfor
complete medium (3 day exposure) 100 days after treatment. Multiple regression analysis was
performed on the slope of lines generated in (B). The growth of PAF-treated cells was found to
statistically significantly differ fromthe slope of vehicle-treated cells between Day 1 and Day 50. MGLH
ANOVA, df=2,15, F=22.1, p<0.05.
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indication of reaching early senescence as the result of growth factorstarvation. When cells were
exposed to complete medium after 100 days of testing, both vehicle- and PAF-treated cultures
demonstrated analogous increases in cell number (Figure 29B) as those described for quiescent
third passage RECs (Figure 14; ChapterI11, Section 2). These data indicate that brief exposure to
PAF induces transient (albeit long-term) growth enhancement and not stable phenotypic
transformation. This conclusion is strengthened by the observation that phenotypic reversion
occurs well before any indication of primary cell senescence. As a result, the enhanced growth
characteristics observed in transformed clones are more likely due to enrichment for those cells in
the population that are in the process of proliferating in response to transient PAF stimulation

rather than to the identification of a single, genetically altered cell and its progeny.

Stability of HF Transformation

The stability of PAF (1 UM)-induced autonomous cell growth in HFs was assessed over a
80 day period as described above for RECs. Data are presented in Figure 30. As discussed in
ChapterII1, Section 3, PAF had no effect on HF growth rates in complete medium (Figure 30A).
Both vehicle- and PAF-treated cells demonstrated 80 days of exponential growth or approximately
60-65 doublings (taking into consideration the number of doublings fourth passage HFs had
sustained prior to treatment). HFs showed no signs of approaching senescence during the
experimental time frame (Figure 30A).  As demonstrated earlier (Chapter I11, Section 3), PAF-
treated cells exhibited enhanced growth in low serum medium. As with RECs, this enhancement
was transient in that it was limited to the 40 days between Day 10 and Day 50 following treatment.
Growth rates were comparable in PAF- and vehicle-treated cells both before and after this
proliferative ‘window.” In each 20 day test period, vehicle-treated cells demonstrated
approximately 1.4 doublings over the first 10 days of testing and 0.6 doublings over the second
10 days. PAF-treated cells sustained 1.7 doublings throughout the entire 40 day proliferative
period. Both vehicle- and PAF-treated HFs exposed to serum starvation conditions for 80 days
remained viable and were as capable of responding 1o complete medium (Figure 30B) as.quiescent
fourth passage HFs (Figure 17; ChapterI11, Section 2). Finally, these data are also in accordance

with the kinetics of PAF-induced Al colonies (Chapter I1I, Section 3). Growth in soft agarose
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Figure 30. Stability of PAF-induced HF growth enhancement

HFs were treated for 1 hr with either vehicle or PAF as described in Materials and Methods. 100,000
cells werethen cultured in complete medium (A) or lowserum medium (B) and the number of doublings
calculated using Coulter Counter cell counts over successive 20-25 day periods. Cells were fed twice
weekly and were passaged at the end of each test period (arrows) Data represent the mean of 5-12
replicates per time period. In (B), open symbols indicate replacement of low serum mediumfor complete
medium (3 day exposure) 75 days after treatment. Multiple regression analysis was performedon the
slope of lines generatedin (B). The growth of PAF-treated cells was found to statistically significantly
differ from the slope of vehicle-treated cells between Day 1 and Day 50. MGLH ANOVA, df=2,15,
F=18.9, p<0.05.
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increased until Day 40. Cells remained viable after this time point but colony size ceased to
expand. |

These data strengthen the conclusion that PAF does not contribute to the process of
multiple genetic alterations characteristic of tumour progression but does promote long-term cell
proliferation. It was previously hypothesized (Chapter III, Section 5) that transient PAF
stimulation elicits release of ‘transforming agents’ that influence long-term growth potentiation
through mutagenesis or through induction of an growth-promoting autocrine feedback loop. The
former explanation now appears unlikely. However, evidence has been provided to support the
latter hypothesis. PAF stimulation appears to promote the release of growth-promoting factor(s)
whose effects can last as long as 50 days after treatment. These rather atypical kinetics remains
puzzling. How does PAF alter cell growth kinetics 10-40 days affer treatment in the absence of

additional stimulation?
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8. Autocrine Stimulation Underlying PAF-Induced Cell Proliferation

Abstract

Exogenous PAF stimulation appearsto induce intracellular PAF accumulation leading to synthesis and
release of fluid-phasc growth factors capable of mediating cell growth. RECs and HFs were treated with
either PAF (I uM) or vehicle for | hr. Conditioned medium was harvested from these cultures and tested
for the ability to induce phenotypic transformation. Medium derived from PAF-treated cells between Day |
and Day 30 clicited Al and autonomous cell growth in target cells, Medium harvested from PAF-treated
cells between Day 45 and Day 75 bad no effect on target cells.  Conditioned medivm harvested from
vehicle-treated celis had no growth enhancing abilitics.  Cells exposed to growth enhancing conditioned
medium did not continue to proliferate when cultured in DMEM+0.5% FCS. These data indicated that brief
PAF stimulation induces long-term synthesis and release of autocrine growth factors. However, direct
cxposure to thesce putative growth factors is not sufficient in and of itself to trigger production of additional
mitogenic agents. Continual treatment with PAF antagonists affer treatment with cxogenous PAF
completely inhibits both PAF-induccd Al phenotype and growth in low serum. However, inclusion of
antagonists in conditioncd medium harvested from PAF-treated cultures had no effect on subsequent
phenotypic transformation. A hypothctical model is presented to interpret this data. Brict PAF stimulation
induces prolonged synthesis of intracellular PAF,  Once sufficient elevations in intracellular PAF
concentration arc achicved (approximately 10 days after initial treatinent), cells produce and release fluid-
phase growth factors capable of mediating celi proliferation. This feedback circuit can be maintained only
in cells originally stimulated with exogenous PAF and lasts Tor approximately 40 daysin the absence of
further PAF treatment.

Introduction

Tumourigenesis is a multistep process requiring that the balanced systems of cell growth,
differentiation, and death become uncoupled resulting in a progressive increase in cell number.
One means of achieving clonal expansion of transformed cells is through permanent genetic
alteration. However, PAF was not found to be quantifiably mutagenic (Chapter 111, Section 6).
Furthermore, the kinetics of PAF-induced growth enhancement suggest that a large proportion of
PAF-treated cells proliferate in response to ligand rather than the rare, genetically mutated cell
(Chapter III). These data provided in the preceding chapters suggest that PAF elicits transient
(albeit long-lasting) cell replication. [In vivo, cell growth is often initiated through sustained
autocrine, paracrine, or juxtacrine stimulation whereby a cell is continually stimulated by a
mitogenic factor that is either synthesized by the cell itself (autocrine stimulation), is produced and
released locally by neighbouring cells (paracrine stimulation), or is produced and remains

associated with the plasma membrane of neighbouring cells promoting intercellular contact with
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the target cell (juxtacrine stimulation). These phenomena are rea'dily observed in both
inflammatory and non-inflammatory cells during an inflammatory response.

Autocrine production of PAF has been shown to mediate sustained cell growth in HEC-1A
endometrial adenocarcinoma cells (22) and rat mesangial cells (23). Paracrine production of PAF
has been demonstrated to play a role in mediating embryonic cell proliferation (40). To determine
whether similar mechanisms are responsible for PAF-induced growth enhancementin RECs and
HFs, conditioned medium harvested from PAF- or vehicle-treated cells was tested for its ability to
promote either growth in low serum or Al growth. In addition, PAF-treated cells were incubated
with PAF antagonists following the 1 hr ligand exposure to determine whether PAF itself is the

putative ‘transforming factor’ identified in Chapter 111, Section 4.

Materials and Methods
Conditioned Medium Experiments

RECs and HFs were treated with either vehicle or | UM PAF as described in Chapter 111,
Section 3 and incubated in low serum containing medium. Cultures were fed twice weekly.
TargetRECs or HFs were plated in 6 cm dia. dishes (100,000 cells/plate) in DMEM+10% FCS or
suspended in soft agarose as described in Chapter I11, Section 3. Medium was replaced twice
weekly with conditioned medium harvested from PAF- or vehicle-treated cultures. RECs were
divided into two experimental groups - those receiving conditioned medium harvested between
Day 1-30 after treatmentand those receiving medium harvested between Day 45-75. Cells were
assayed for autonomous cell growth or Al phenotype as described in Chapter 111, Section 3.

Statistical analysis was as described in Chapter I1I, Section 2.

PAF Antagonists

RECs or HFs were treated with PAF (1 uM) or vehicle for | hr as described in Chapter II1,
Section 3. Cultures were assayed for changes in cell viability, growth in low serum, or Al growth
as described in Chapter III, Section 3, in the presence of one of the following PAF antagonists:
CV3988 (1 uM), gliotoxin (1 pM, Calbiochem, CA), trans-dioxolane (1 uM, Calbiochem, CA),

its inactive stereo-isomer cis-dioxolane (1 uM, Calbiochem, CA), or T-PAF (1 uM, Calbiochem,
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CA), an inactive analogue of PAF. Cultures were fed with appropriate medium + antagonists

twice weekly. Statistical analysis was as described in Chapter 111, Section 2.

Results and Discussion
Effect of conditioned medium on REC phenotype

Conditioned medium, harvested from PAF (1 uM)-treated cultures between Day 1-30 after
treatment, was found to induce both Al growth (Figure 31) and sustained cell proliferation in low
serum (Figure 32). Maximal effects were approximately 50% of that observed in cultures directly
treated with ligand. Medium harvested between Day 45-75 after treatment or from vehicle-treated
cultures had no discernible growth enhancing effects in either assay. These data provide strong
evidence for the hypothesis that brief exposure to PAF induces subsequent sustained production of
unidentified growth factor(s) capable of stimulating cell proliferation. These data also conform to
the kinetics of the PAF-induced response (Chapter [11, Section 7) in that production of this growth

factor(s) appears to be limited to the first 50 days following treatment.

Effect of conditioned medium on HF phenotype

Conditioned medium derived from PAF (1 pM)- or vehicle-treated cultures 1-25 days after
treatment was tested for its ability to induce autonomous cell growth in HFs. Data are presented in
Figure 32. As with RECs, conditioned medium harvested from PAF-treated cells induced
autonomous cell growth with maximal cell number reaching approximately 50% that of cells
directly exposed to the ligand. Growth enhancement was not evident until Day 6-10 after
exposure. Given these kinetics, it is tempting to speculate that a feedback loop is induced by
transient PAF stimulation, priming cells to synthesize increasing amounts of a mitogen(s) and
resulting in cell proliferation when these factors are produced in sufficient quantity. In keeping
with PAF’s role as a pro-inflammatory agent, this response would be self-perpetuating over an
extended (albeit limited) period of time.

It was of note that the growth enhancementelicited by conditioned medium itself did not
elicitan analogous feedback loop. When cells proliferating in conditioned medium were replated

and retested in the absence of further exposure, these HFs did not sustain autonomous cell growth
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Figure 31. Conditioned medium
harvested from PAF-treated
cultures induces Al growth in
RECs

RECs were treated for 1 hr with either
vehicle or PAF as described in
Materials and Methods. Conditioned
medium harvested from cultures
between Day 1-30 and Day 45-75 was
tested for an ability to induce Al growth
in target RECs. Data represent the
mean number of colonies + SEM per
100,000 cells plated (15,000 viable
cells) from a minimum of 5 replicates.
Statistically significant comparisons
are as follows: PAF vs. Vehicle
Treatment: See Table 3; Conditioned
Medium ANOVA: F=4.7, df=3,17,
p<0.01; Dunnett's t: PAF (Day 1-30)
vs. Vehicle (Day 1-30), P<0.01.

Figure 32. Conditioned medium
harvested from PAF-treated
cultures induces autonomous
cell growth in RECs

RECs were treated for 1 hr with either
vehicle or PAF as described in
Materials and Methods. Conditioned
medium harvested from cultures
between Day 1-30 and Day 45-75 was
tested for an ability to induce growth in
low serum in target RECs. Data
represent the mean cell number + SEM
froma minimumof 5 replicates pertime
point. Statistical analysis was
performed on Day 25. Statistically
significant comparisons are as follows:
PAF vs. Vehicle treatment: See Figure
23; Vehicle vs. PAF Conditioned
Medium Student’s t test: t=5.8, df=8,
p<0.01.
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Figure 33. Conditioned medium harvested from PAF-treated cultures induces autonomous
cell growth in HFs

HFs were treated for 1 hrwith either vehicle or PAF as described in Materials and Methods. Conditioned medium
harvested from cultures between Day 1-30 was tested for an ability to induce growth in lowserumin target HFs.
Following 25 days of growth, celi treated with conditioned medium weretrypsinized and 100,000 cells replated.
Cultures were tested for phenotypic stability (ie. the ability to maintain growth in low serum medium in the
absence of additional conditioned medium). Cultures previously exposed to conditioned mediumharvested from
either vehicle- or PAF-treated cells did not exhibit enhanced growth when grownin standard DMEM+0.5% FCS.
Data represent the mean cell number + SEM froma minimumof 5 replicates per time point. Statistical analysis
was performed on Day 25. Statistically significant comparisons are as follows: PAFvs. Vehicle treatment: See
Figure 21; Vehicle vs. PAF Conditioned Medium Student’s ttest: t=6.2, df=8, p<0.01.
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unlike cells that had been briefly exposed to exogenous PAF. These data suggest that induction of
the putative feedback loop depends upon the initial PAF signal. Downstream signalling agents
mediate immediate mitogen production and cell proliferation but these factors do not elicit

continued cell growth when removed.

Effect of PAF antagonists on sustained cell growth

The postulates offered above represent an attempt to reconcile the following observations:
(1) brief exposure to PAF elicits long-term cell proliferation, (2) growth enhancement is not
observed until 10 days after treatment, and (3) exposure to conditioned medium is sufficient to
induce immediate cell proliferation but is not capable of inducing sustained cell growth. Three
distinct events are hypothesized. First, exposure to PAF elicits sustained production of a
‘priming” factor(s). Second, this factor induces synthesis and release of other ‘mitogenic’
factor(s). Third. these mitogenic factors act directly on target cells to stimulate cell division.
Presumably, the ‘priming’ factoris eitheran intracellular messenger or, conversely, an inherently
unstable, rapidly metabolized extracellularly secreted ligand. This assumption is based on the fact
that ‘priming’ is not elicited by conditioned medium. Cells treated with conditioned medium do
not demonstrate sustained cell growth when subsequently grown in standard low serum medium.
These results indicate the ‘priming’ factor is either absent from conditioned medium or is too
unstable to be detected in the present assay. Conversely, the ‘mitogenic’ factor is a stable,
extracellularly active mediatorin that it retains much of its biological activity when harvested in
conditioned medium.

If these assumptions are to direct subsequent experimentation, the existence of the putative
‘priming’ factor must be established. One possibility, discussed in Chapter 111, Section 5, is that
H,0, acts as the ‘priming’ factor. Certainl y. the data indicate that PAF signal transduction seems
to require H,0, for subsequent cell signalling given that catalase blocks PAF-induced phenotypic
transformation. However, it is unlikely that long-term production of the oxyradical stimulates
mitogen production given that direct administration of a bolus dose of H202 did not induce cell
proliferation (Chapter I1I, Section 5). (The effects of a continual flux of H,0, on HF and REC

proliferative capabilities have yet to be determined). However, another possibility is that PAF
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itself mediates subsequent mitogen production. In other cell systems, activation of the
extracellular PAF receptor induces intracellularaccumulation of the ligand (Chapter I, Section 5).
Subsequent signal transduction depends upon this increase. In most non-inflammatory cells, the
vast majority of PAF produced in response to stimulation is retained intracellularly (Chapter I1,
Section 5). In fact, only inflammatory cells have been shown to be capable of releasing
physiologically relevant quantities of the ligand (Chapter II, Section 5). It is possible that
stimulation of RECs and HFs with exogenous PAF elicits intracellular PAF production. This
speculation is supported by recent claims that endothelin-induced proliferation of rat mesangial
cells is mediated by intracellular PAF (23) and that HEC-1A adenocarcinoma cells maintain
autonomous cell growth by induction of a PAF-dependent autocrine growth circuit (22).

To assess this hypothesis, HFs and RECs were treated for | hr with either PAF (I uM) or
vehicle and subsequently assayed for growth in low serum medium and Al phenotype in the
presence or absence of 5 different PAF antagonists. Figure 34 depicts the effect of PAF
antagonists on PAF-induced REC Al phenotype. All of the PAF antagonists inhibited phenotypic
transformation except the cis isomer of dioxolane, a compound without effect at the PAF receptor
because of its stereospecificity. Significantly, the antagonists did not inhibit conditioned medium-
induced Al phenotype (Figure 34). Figure 35 depicts the effect of PAF antagonists on PAF-
induced HF autonomous cell growth. Exposure of PAF-treated HFs to either T-PAF (1 uM) or
CV3988 (1 uM) over a 25 day period attenuated PAF-induced growth in low serum medium and,
surprisingly, reduced growth rates to below that of vehicle-treated cells. Continual treatment with
PAF antagonists also abolished the residual ability of HFs to grow in low serum (data not shown).
Antagonist treatment had no effecton cell viability as assessed by trypan blue exclusion (data not
shown) or by determining growth rates upon re-exposure to complete medium in the absence of
PAF antagonists. These data indicate that exogenous PAF administration induces intracellular
PAF accumulation of ligand that, in turn, mediates synthesis and release of growth factors capable
of stimulating cell proliferation. In addition, preliminary evidence is presented to suggest that
basal levels of intracellular PAF turnover may even be responsible for the minimal amount of
autonomous cell growth observed in control cultures. These findings suggest that PAF is a crucial

mediator of cell proliferation in normal fibroblasts under non-permissive growth conditions.
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Figure 34. Continual exposure to
PAF antagonists after PAF
treatment blocks Al growth in
RECs

RECs weretreated for 1 hr with PAF (1 uM)
and assayed for Al phenotype in the
presence of PAF antagonists as described
in Materials and Methods. 0, + Vehicle; 1, +
cis-dioxolane; 2, + trans-dioxolane; 3, +
gliotoxin; 4, + T-PAF; 5, + CV3988. 6,
CVv3988 was included in conditioned
medium harvested from PAF-treated
cultures between Day 1-30. Antagonist
concentration was 1 uM. Data represent
the mean number of colonies + SEM per
100,000 cells plated (15,000 viable cells)
from a minimum of 5 replicates.
Statistically significant comparisons are as
follows: PAF vs. PAF+Antagonists
Treatment ANOVA: F=4.7, df=3,17,
p<0.01; Dunnett's t: 0 vs. 2, p<0.01; O vs.
3, p<0.01; 0 vs. 4, p<0.01; 0 vs. 5, p<0.01.

Figure 35. Continual exposure to
PAF antagonists after PAF
treatment abolishes HF
autonomous cell growth

HFs were treated for 1 hr with PAF (1 uM)
and assayed for growth in low serumin the
presence of T-PAF (1 uM)or CV3988 (1 uM)
as described in Materials and Methods.
Data represent the mean cell number + SEM
from a minimum of 5 replicates per time
point. Statistical analysis was performed
on Day 25. Followingtesting, antagonist-
treated cultures were incubated in complete
medium (A) to ensure viablity. Statistically
significant comparisons are as follows:
PAF vs. PAF+ Antagonists ANOVA: F=6.1,
di=3,17, p<0.01. Dunnett's t. PAF vs.
PAF+T-PAF, p<0.01; PAF vs.
PAF+CV3988, p<0.01; Vehicle vs. Vehicle
+ Antagonists ANOVA: F=4.7, df=3,17,
p<0.01. Dunnett’s t: Veh. vs. Veh.+T-PAF,
p<0.01; Veh. vs. Veh.+CV3988, p<0.01.
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9. Overview

The data presented in “Transformation Potential’ indicate that PAF mediates both cell
growth and cell death in primary rodent and human non-inflammatory cells. Brief exposure to the
ligand induces long-term growth enhancement in cells without permanent genetic alterations.
Prolonged exposure elicits cell death. Immediate signal transduction leading to cell growth
depends upon PAF receptor activation, protein kinase activity (PKC and/or tyrosine kinases
depending on cell species), and oxyradical production but not upon cyclooxygenase metabolism of
arachidonic acid. Because phenotypic transformation is transient, PAF does not appear to elicit
heritable genetic alterations in the DNA of transformed cells. Withrespect to tumour progression,
it is suggested that brief stimulation of the PAF receptor leads to increased synthesis of
intracellular PAF, subsequent production and release of autocrine growth factors, and consequent
cell proliferation. The ability to maintain cell growth is characteristic both of the inflammatory
response and of the metastatic process indicating that transient exposure to PAF within the
inflamed environment may contribute to tumourigenesis by inducing sustained cell proliferation of

non-inflammatory cells within a potentially mutagenic environment.
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1. Introduction

The previous chapter demonstrates that PAF can mediate both cell proliferation and cell
death in primary rodent and human fibroblasts and epithelial cells. The mechanisms underlying
these actions remain ambiguous. PAF signal transduction has only begun to be elucidated in non-
inflammatory cells (Chapter II, Section 3). Using antagonists and inhibitors, indirect evidence
was presented indicating that PAF modulates PKC, tyrosine kinase, and oxyradical activity in
receptor-mediated fashion in RECs and HFs (Chapter 111, Sections 4 and 5). To substantiate this

data, PAF’s ability to activate specific second messengers was evaluated,
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2. Identification of Specific PAF Receptors on Rodent and Human
Fibroblasts

Abstract
The existence of specific PAF receptors on HEs, RECs, and MC cells (MNI11) was confirned by RT-PCR

and Northern analyses. Positive controls included U937 cells. Negative controls included undifferentiated

HL60 cclls. Results indicate that PAFR is cxpressed in HFs, RECs, and MN 11 cells in low copy

number. By Northern analysis, PAFR mRNA could only be detected upon cvaluation of 3 pg poly A*

RNA. Expression was not evident upon evaluation of 20 ug total RNA indicating low endogenous mRNA

levels. RT-PCR products and mRNA were identicalin size in both inflammatory and non-inflammatory

cell types.
Introduction

The PAFR ¢DNA was first cloned from guinea pig lung by Honda et al. in 1991 (17).

Since then, identical PAF receptor cDNAs have been isolated from human leukocytes (41), human
heart (33), U937 cells (20), and differentiated HL60 cells (41). In 1994, rodent PAFR was
sequenced from rat spleen (5) and demonstrated to be 83% homologous to human cDNA.
Genomic analysis indicates that the human PAF receptor gene exists as a single copy on
chromosome |. The gene spans over 20 kB in length and is composed of three exons (27).
Exons 1 and 2 are 5’-noncoding exons, each with distinct transcriptional initiation sites. Exon 3
contains the total open reading frame for the complete PAFR sequence. Exon | or 2 is
alternatively spliced onto a common splice acceptor site within the third exon generating two

different species of functional mRNA (Figure 36).

Figure 36. Map of human PAFR

gene
TAG
Diagram depicts a schematic
* representation of the human PAF
3 7 mRNA adapted from (27). Exon 1 and 2

are alternatively spliced onto exon 3.
I 100 bases Exon 3 contains the entire PAFR open
reading frame.  Two functional mRNA
species of the same molecular size
driven by different promoters are
generated .

The 5° untranslated region of transcript | contains consensus sequences for the

transcription factors NF-kB and Sp-1 as well as the initiator (Inr) sequence homologous to the

B .
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murine terminal deoxynucleotidyltransferase gene (27) instead of the usual TATA or CCAAT
boxes associated with promoter sequences. The gene product is ubiquitously expressed in human
heart, lung, spleen, kidney, brain, peripheral leukocytes, and a number of promyelocytic cell
lines. Transcript 2 contains consensus sequences for the AP-1, AP-2, and Sp-1 transcription
factors. Although two initiation sites were identified in close proximity, the 5’ region upstream of
these START sites lacks TATA box, CCAAT box, or Inr sequences characteristic of most
promoter regions. The expression pattern of transcript 2 completely overlaps that of transcript |
with the notable exception that transcript 2 cannot be detected in leukocytes, promyelocytic cell
lines, or brain (27). In the absence of multiple open reading frames, these differential expression
patterns indicate that PAFR transcription is regulated by two different promoters alternatively
spliced onto exon 3 (27). With respect to cell types, PAFR expression has been demonstrated in
U937 cells, HL60 cells, and human monocytes. Non-inflammatory cells have yet to be
investigated. However, pharmacological characterization has indicated the presence of PAF
binding sites on guinea-pig tracheal epithelial cells (16) and A431 human epidermoid carcinoma
cells (34) while functional studies suggest that PAFR may be present on immortal murine L cells
(41) and HEC-1A and -1B epithelial cells derived from a human endometrial carcinoma cell line
(1,23).

To determine whether HFs, RECs, and MC cells have specific PAF receptors, reverse
transcriptase-polymerase chain reaction (RT-PCR) and Northern analyses were performed on total

and poly A* RNA.

Materials and Methods
Cells and Culture Conditions

Primary fifth passage REC and HF cultures, MC cells (MN11), U937 cells, and HL60
cells were grown in DMEM+10% FCS. MNI11 cells are a sister clone of the MN3 line described
in Chapter 111, Section 6. U937 and HL60 cells are two different human promyelocytic leukemia
cell lines obtained from ATCC. PAFR transcripts are known to be constitutively expressed in

U937 cells (20) and differentiated HL60 cells but not in undifferentiated cultures (41).



-112-

Reverse transcriptase polymerase chain reaction (RT-PCR)

Total cellular RNA was prepared from 2 x 10° cells essentially as describedin (2,3). 10
pmol oligo (dT) 20mer reverse primers (kindly provided by Dr. M. Tenniswood, Alton Jones Cell
Science Centre, Lake Placid) were added to 500 ng of total RNA in 12 ul H,O and denatured for 5
min at 70°C. The mixture was cooled on ice and dNTP mix (0.5 mM each, Pharmacia, Ont), Tris-
HCI (50 mM, pH 8.3), KCI (40 mM), MgCl, (6 mM), BSA (0.1 mg/ml), and DTT (10 mM) were
added (final concentrations are listed). Following equilibration for 1 min at 37°C, RNA was
reverse transcribed by the addition of 200 U Superscript reverse transcriptase (Gibco, Ont) in a
total volume of 20 ul. Reactions were incubated at 42°C for 1 hr, then 50°C for 30 min. 5 ul of
reverse transcriptase mix (approximately 200 ng cDNA) was used for PCR amplification. PAF
receptor (PAFR) primer sequences were 5’GCATCCTACTTCCTCATCCTS’ (forward) and
5’ACTTCAGTGACCGTATCCGT?3’ (reverse) defining a 537 bp fragment of the human mRNA
(20). PCR amplifications were carried out in a volume of 50 pl, containing 0.8 mM each of the
four dNTPs, 50 mM KCI, 10 mM Tris-HCI (pH 8.3), 50 Hg/ml BSA, 2 mM MgCl,, 3 U Taq
DNA polymerase, and 20 pmol of each primer. The program of the reaction was denaturation at
94°C for 30 sec, annealing at 57°C for | min, and extension at 72°C for 1 min for 30 cycles using a
M.J Research thermal reactor. The absence of genomic DNA contamination was demonstrated by
carrying out identical reactions as described above in the absence of reverse transcriptase, PCR
products and 100 bp markers (Pharmacia, Ont) were size-fractionated by electrophoresis on a

0.8% (w/v) agarose gel and visualized by ethidium bromide staining.

Northern Analysis

Total cell RNA was extracted essentially as described in (5). Poly A* mRNA was isolated
from cell lysates by binding to oligo(dT) columns using a Quick-Prep Kit (Pharmacia, Ont).
Northern analysis was carried out essentially as described in (3). Briefly, total RNA (10 pg) was
isolated, formaldehyde denatured, electrophoretically separated on a 1.2% agarose gel containing
0.2 M formaldehyde, transferred to a Hybond-N nylon filters (Amersham, Ont.) using a vacuum

system, and hybridized to 32P-labelled DNA probes. Pre-hybridization and hybridization were
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carried out as described in (11). The DNA probes used were a 1 Kb enzyme fragment from the
pCDMS plasmid containing the human leukocyte PAFR gene (PAFR probe) (kindly provided by
Drs N. and C. Gerard, Harvard Medical School, Boston) and a 1.2 kb Pstl fragment from the
pGAPDH plasmid containing the glyceraldehyde-3-phosphate dehydrogenase (GAPDH) gene
(GAPDH probe) (31). Probes were labelled with [*2P]JdCTP using a random primer labelling kit
(Pharmacia, Ont). At the end of the hybridization procedure, membranes were air-dried and
exposed to X-ray film (Kodak, Ont) for 3-48 h at -100°C. When membranes were re-probed, the
first probe was removed by exposing the membranesto 0.25% SDS, 10 mM sodium citrate, pH

6.8, at 95°C for 5 min.

Results and Discussion

The existence of specific PAFR transcriptsin HF, RECs, and MC cells was demonstrated
by RT-PCR analysis (Figure 37). In keeping with the low copy number of PAFR mRNA
expressed in inflammatory cells under resting conditions, PAFR mRNA could not be detected by
Northern analysis of 20 pug total RNA (data not shown). These data are not surprising given that,
in inflammatory cells, 2-10 pg poly A* RNA is routinely required to visualize PAFR message
(5,17,20,27,33,41). Northern analysis of purified mRNA (3 pg) confirmed RT-PCR results
demonstrating the presence of a 4 kb PAFR band in HFs and RECs (Figure 37). (MC cells were
not tested). Positive controls included U937 cells. Negative controls included undifferentiated

HL60 cells.
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Figure 37. RT-PCR analysis of PAFR expression in undifferentiated HL60 cells,
U937 cells, RECs, and HFs

Cells were cultured, total RNA isolated, and RT-PCR analysis conducted as described in Materials and
Methods. Lane 1, HL60; Lane 2, U937 cells; Lane 3, RECs; Lane 4, HFs. Control reactions were
carried out in the absence of 1 U Teverse transcriptase to ensure that observed product was not the
result of DNA contamination (data not shown). MN11 cells were also demonstrated to express PAFR
transcript (data not shown).

Figure 38. Northern analysis of 3 ug poly A* RNA isolated from HL60 celis, U937
cells, HFs, and RECs

Cells were cultured, mRNA isolated, and Northern analysis conducted as described in Materials and
Methods. Lane 1, HL60 cells; Lane 2,U937 cells; Lanes 3, HFs; Lanes 4, RECs. (A), PAFR; (B)
GAPDH.
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3. PAF Activates Protein Kinase C and Induces
Tyrosine Phosphorylation

Abstract

The temporal relationship of PKC activation andtyrosine phosphorylation of proteins following PAF (]
pM - 1 uM) trcatment was characterized in RECs, HFs, and human ncutrophils. Plasma membrane-
associated PKC activity was assayed by quantifying the incorporation of 3P from [y-2P} ATP into a PKC-
selective substrate characterized by Chakravarthy et al. (8). Tyrosine phosphorylation was characterized by
Western blotting using a monoclonal anti-phosphotyrosine antibody. In RECs, PAF was found 1o dose-
dependently increase the Iength of time PKC remained activated following stimulation. Lower doses (1 pM
- 0.1 nM) were more cffective than higher doses (10 nM - 1 uM) at maintaining PKC activity. Increasing
PAF dosc did not increase the magnitude of the PKC response (3-fold augmentation in activity compared to
vehicle-treated cells) but did alter the kinctics of the activation. Higher doses of PAF induced activation of
membrane-bound PKC earlier than lower doses ol ligand. This response was compared to PKC activation
following TPA treatment. a powerful inducer of PKC. TPA (10 nM) induceda 4-fold increase in PKC
activation evident 2 min after stimulation that did not diminish across the | hrtest period. By contrast, in
HFs, altering PAF concentrations had no eftect on the duration or initiation of the PKC activation in HFs
and human neutrophils but did increase the magnitude of response.  These data confirm the species to
species differences in PAF-induced PKC cell signalling suggestedby Chapter 11, Scction 4. Both RECs
and HFs exhibited similar patterns of tyrosine phosphorylation following PAF stimulation. Two peak
periods of putative kinase aclivily wercobserved after treatment. PAF stimulated tyrosine phosphorylation
of higher molecular weight substrates (60-110 kD) within 2-5 min of exposure and of lower molecular
weight proteins (20-50 kD) within 60 min of exposure,

Introduction

In Chapter I11, Section2-4, PAF was shown to mediate growth enhancement of HFs and
RECs. This transformation was differentially modulated by pretreatment with either tyrosine
kinase or PKC inhibitors depending upon cell species. In RECs, PAF-induced cell proliferation
was inhibited by exposure to tyrosine kinase inhibitors but not by PKC inhibitors. In HFs, PAF-
induced cell growth was blocked by either treatments. These data suggest that the PAF's ability to
transiently transform human and rodent fibroblasts is mediated by some form of protein kinase
activation although PAF's ability to induce serine, threonine, or tyrosine phosphorylation in
fibroblasts has yet to be demonstrated.

The present experiments were designed to identify potential signal transduction molecules
downstream of the PAF receptor in rodent and human fibroblasts that might be relevantto the
observed biological effects. Specifically, the ability of PAF to act through PKC or induce tyrosine
phosphorylation in receptor-mediated fashion in RECs and HFs was investigated. The kinetics of

the PKC response to PAF were compared to that of TPA, a known PKC activator.
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Materials and Methods

Cells and Culture Conditions
Fifth passage RECs and HFs were platedin 10 cm dia. tissue culture plates and grown to

confluence (3x10° cells/dish) in DMEM+10% FCS with twice weekly medium replacement. Once
confluence was attained, cells were maintained without medium replacement for four days prior to
treatment.  Cell types in this later passage REC population were determined by
lmmunohlstochenustly as described in Chapter 11, Section 2. Human neutrophils were isolated as

described in Chapter III, Section 5.

Measurement of PKC acti vity
Cultures were washed twice with serum-free DMEM and approximately 6 x 106 cells (two

10 cm dia. tissue culture dishes) were treated with one of the following compounds in DMEM
containing 0.2% bovine serum albumin: (a) vehicle (0.1% dimethyl sulfoxide (DMSO), Fisher,
Ont.); (b) PAF (! pM - | uM, Avanti Biochemicals, PA); (¢c) TPA (10 nM, Biomol Research,
PA). In some cases, cells were pretreated with either a PKC inhibitor, staurosporine (50 nM, LC
Corp. NY) or a PAF antagonist, CV3988 (I uM, Calbiochem, CA).  When pretreatment is
indicated, staurosporine or CV3988 were added I5 min prior to addition of TPA or PAF and
maintained in the medium for the treatment duration. Following stimulation for 0-60 min, cells
were assayed for PKC activity essentially as described (8). Briefly, cells were washed with ice-
cold phosphate buffered saline (PBS: 2.7 mM KCl, 1.5 mM potassium phosphate, 0.14 M NaCl,
8 mM sodium phosphate) and suspended by scraping the plate with a rubber policeman in 1 ml
hypotonic lysis buffer (0.1 M NaCl, 0.02 M Tris-HCI (pH 7.5), 5 mM MgCl,, 100 uM sodium
vanadate, 100 uM sodium pyrophosphate, I mM sodium fluoride, 100 pM
phenylmethylsulfonylfluoride). Suspensions were sonicated for 5 sec on ice using a 1/8” probe of
a Microson Ultrasonic Cell Disrupter set to lowest power. Large cell fragments were removed by
low speed centrifugation at 500g, for 5 min, at4°C, and the membranes presentin the supernatant
were isolated by centrifugation at 16, 000g, for 20 min at 4°C. The membrane pellet was
suspended in 100 pl Assay Buffer (50 mM Tris-HCI (pH 7.5), 5 mM M0C12, IuM CaC],, 100
UM sodium vanadate, 100 UM sodium pyrophosphate, I mM sodium fluoride, 100 uM
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phenylmethylsulfonylfluoride) and protein content measured according to Bradford (6).
Membrane-associated PKC activity was assayed by quantifying the incorporation of 32p from [y-
32p) ATP into a PKC-selective substrate described by Chakravarthy et al. (8). This peptide
substrate, FKKSFKL-NHZ, corresponds to the amino acid sequence targeted by PKC in the

MARCKS protein . The PKC assay reaction mixture consisted of 30 pl of membrane suspension

(10 pg protein), 10 ul of 750 UM peptide substrate, and 10 pl of 500 uM [¥->2P] ATP (220
cpm/pmol, 0.5 uCi/tube) in Assay Buffer. Following incubation at 25°C for 10 min, samples
were immediately spotted on 1 cm? pieces of P81 Whatman paper (kindly provided by Dr. H.
Yamazaki, Carleton Univ., Ottawa, Ont) and immersed in 5% acetic acid. Samples were washed
twice in acetic acid for 10 min with shaking. The amount of radioactive substrate bound to filters
was measured using a liquid scintillation counter. Control reactions were carried out either (1) in
the presence of membrane extract alone (no peptide substrate) or (2) in the presence of 10 ug BSA
alone (no peptide substrate or membrane extract). These controls were used to quantify
radioactive background attributable to (1) phosphorylation of endogenous PKC substrates present

in the membrane preparation bound to P81 paper and (2) non-specific binding of radiolabel itself.

Western analysis

Cultures (95% confluent/ 10 cm dia. tissue culture dish) were incubated with PAF (10 nM)
for various time periods as described in Chapter I1I, Section 2. Ateach time point, cell plates were
placed on ice, culture medium was removed, and monolayer cells were rapidly suspended in 1 ml
cold PBS by scraping using a rubber policeman. Cells were pelleted by brief centrifugation at 4°C
and lysed in 50 pl extraction buffer (140 mM NaCl, 25 mM Na acetate pH5.0, 2%
mercaptoethanol, 20 mM phenylmethylsulfonyl fluoride, 0.5 mM sodium orthovanadate, 10
mg/ml p-nitrophenyl phosphate, 0.5% SDS, and | mM CDTA). Protein content was determined
according to Bradford (6). Samples were diluted in half by the addition of 50 ul 2x SDS sample
loading buffer (0.125 M Tris-HCI, pH 6.8, 4% SDS. 20% glycerol, 10% mercaptoethanol). This
mixture was boiled for 5 min prior to electrophoresis. 10 ug protein was loaded into each well of

a Biorad Minigel apparatus. Proteins were size-fractionated by 10% SDS-polyacrylamide gel

SR st o
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electrophoresis as described in (22). Resolved proteins were transferred electrophoretically to a
Millipore Immobilon-P membrane as described in (35). Membranes were blocked for 1 hr at 50°C
with 1% BSA and immunoblotted overnight at 4°C with biotinylated anti-phosphotyrosine
(Amersham, Ont, 1:80) diluted in TBST (10 nM Tris-HCI (pH 8.0), 150 mM NaCl, 0.05%
Tween 20). Membranes were washed extensively in TBST and incubated with strepavidin
alkaline phosphatase (1:300, Amersham, Ont) for 90 min at room temperature. Immunoreactive
bands were visualized by exposure to bromocholorindoyl phosphate (BCIP: 0.66%: Boeringer-
Mannheim, Ont) and nitroblue tetrazolium (NBT: 0.66%: Boeringer-Mannheim, Ont) dissolved in

50% and 70% dimethylformamide (DMF; Calbiochem, CA) respectively.

Statistical analysis

PKC kinetics data were analyzed using multiple analyses of variance (MANOVAs). Data
obtained after PAF or TPA treatment were contrasted across time with data obtained after vehicle
treatment to identify statistically significant time points. PKC inhibitor data were analysed as

described in Chapter III, Section 2.

Results and Discussion
PKC activation in RECs

Although the ability of PAF to induce signal transduction through PKC has been
convincingly demonstrated in inflammatory cells (30,38) and cerebral microvessels (7), activation
of the kinase in response to PAF in a normal, non-inflammatory cell type has not previously been
documented. Early passage RECs are a mixed population composed of fibroblasts, epithelial
cells, neurons, and muscle cells (Chapter 111, Section 2). However, at the time of testing, fifth
passage RECs were demonstrated by immunohistochemistry to be a homogeneous population
composed entirely of fibroblasts (data not shown). Using a highly specific PKC activity assay
developed by Chakravarthy et al (8), exposure of RECs to PAF (10 nM) was found to induce a
rapid, transient increase in membrane-bound active PKC (Figure 39A) with maximal induction
occurring 2 min after initiation of treatment. Activity returned to basal levels within 5 min of

stimulation. The PKC response of vehicle-treated cells did not differ from non-spéciﬁc
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background, defined as the amount of radiolabel bound to P81 paper when cell extracts were
incubated with [32P)-y-ATP in the absence of peptide substrate. This background appears to
measure true non-specific binding of [>2P]-y-ATP to P81 paper and is not attributable to
phosphorylation and binding of an endogenous protein substrate in the membrane extract since
identical values were obtained following incubation of radiolabel with either 10 g BSA or in the
absence of protein substrate (data not shown).

The kinetics of the PAF-induced response were compared to that of a known PKC
activator, TPA (Figure 39B). TPA (10 nM) treatment rapidly increased PKC activity in RECs
reaching maximal response within 2 min of stimulation. The phorbol ester was more effective in
activating PKC than equimolar concentrations of PAF, eliciting a four-fold increase in kinase
activity over vehicle-treated cells compared with PAF's ability to elicit a three-fold increase.
However, in sharp contrast to the transient PKC response induced by PAF, TPA was capable of
sustaining the increase in kinase activity for at least 1 h.

The specificity of the PAF-induced increase in substrate phosphorylation for PKC was
determined by pretreating cultures with a PKC inhibitor, staurosporine (50 nM), both prior to and
during stimulation with PAF (10 nM) or TPA (10 nM). Staurosporine completely inhibited the
increase in membrane-bound kinase activity in both PAF- and TPA-treated RECs (Figure 40)
indicating that phosphorylation of the synthetic peptide substrate FKKSKL-N H,, is very likely a
specific PKC event.

The specificity of the PAF-induced response for PAF receptor activation was confirmed by
treating RECs with a PAF receptor antagonist, CV3988 (1 uM), both prior to and during exposure
to PAF (10 nM) or TPA (10 nM). As expected, blocking the PAF receptorabolished the increase
in PAF-induced kinase activity without altering TPA-stimulated PKC activity (Figure 40)
indicating that PAF acts through PAFR to stimulate PKC.

An unexpected observation was made when the effect of different doses of PAF was
tested. Varying the concentration of PAF was found to alter the kinetics of membrane-bound PKC
activation without affecting the magnitude of the response (Figure 41). PKC activation in
response to PAF (1 pM - 1 uM) was analyzed over the first 10 minutes of treatment. The highest

level of PKC activity observed was similar at all doses tested. However, low doses (1 pM - 0.1
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Figure 39. PAF- and TPA-induced PKC
activity in RECs

RECs were treated with PAF (10 nM) (A) or TPA (10 nM)
(B). Membrane-associated PKC activity was quantified
as the amount of 32P incorporated into the synthetic
PKC peptide substrate FKKSFKL-NH,, during & 10 min

incubation at 25°C as described in Materials and

| Methods. Data are expressed as the average cpm +
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SEM from a minimum five and a maximum of seven
independent experiments conducted in duplicate.
Variation between duplicate measurements in each
experiment was less than 10%. O, vehicle treatment;

W, PAF (A) or TPA (B) treatment; —, non-specific
binding of 32P to P81 paper in the absence of peptide
substrate. Statistically significant differences in PKC
activity across time and treatments are as follows: PAF
(10 nM) vs. vehicle MANOVA: df=1 ,54; 2 min treatment,
F=18.2, p<0.01. TPA (10 nM) vs. vehicle MANOVA:
di=1,54; 2 min treatment, F=8.7, p<0.01; 5 min
treatment, F=22.3, p<0.01; 10 min treatment, F=13.0,
p<0.01; 30 min treatment, F=14.7, p<0.01; 60 min
treatment, F=14.2, p<0.01.

Figure 40. The effect of kinase inhibitor and
PAF antagonist pretreatment on vehicle,
TPA, or PAF-induced PKC activity in RECs

Cells were pretreated with either staurosporine (50 nM)
or CV3988 (1 uM) prior to 2 min exposure to vehicle,
TPA (10 nM) (A), or PAF (10 nM) (B). Data are
expressed as the average cpm + SEM from three
independent experiments conducted in triplicate.
Variation between triplicate measurements in each
experiment was less than 10%. The specific activity of
[32P] ATP used was 220 cpm/pmol. Statistically
significant differences in PKC activity are as follows:
TPA ANOVA: df=2,13, F=9.2, p<0.01; Dunnett's t test,
TPA versus TPA+Staurosporine, p<0.01. PAF ANOVA:
df=2,13, F=46.3, p<0.01; Dunnett's t test, PAF vs.
PAF+Staurosporine, p<0.01; PAF vs. PAF+CV3988,
p<0.01.  For statistically significant differences
between vehicle and PAF or TPA treatment see Figure
39.
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Figure 41. The effect of PAF
concentration on membrane-
associated PKC activity in RECs

Cells were treated with PAF and kinase
assays were performed as described in
Materials and Methods. 0. vehicle (0.1%
DMSO) treatment; B,PAF (1 pM) (A), PAF
(0.1 nM)(B), PAF (10 nM) (C), or PAF (1 uM)

(D); — non-specific binding of 2P to P81
paper in the absence of peptide substrate.
Statistically significant differences in PKC
activity across time and treatments are as
follows: PAF (1 pM) versus vehicle:
MANOVA, df=1,60; 1 min treatment, F=14.7,
p<0.01; 2 min treatment, F=17.0, p<0.01; 3
min treatment, F=8.0, p<0.01; 4 min
treatment, F=11,0, p<0.01; 5 min treatment,
F=16.1, p<0.01; 10 min treatment, F=17.2,
p<0.01. PAF (0.1 nM) versus vehicle:
MANOVA, df=1,60; 2 min treatment, F=8.4,
p<0.01; 3 min treatment, F=3.9, p<0.05; 4
min treatment, F=8.0, p<0.01; 5 min
treatment, F=8.7, p<0.01; 10 min treatment,
F=7.9, p<0.01. PAF(10 nM) versus vehicle
as in Figure 40. PAF (1 pM)versus vehicle:
MANOVA, df=1,70; 0.5 min treatment,
F=13.1, p<0.01; 1 min treatment, F=4.6,
p<0.05.
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nM) of PAF elicited sustained PKC activation while high doses (10 nM - 1uM) ¢licited a transient
increase in membrane-bound PKC activity. With increasing PAF doses, the kinetics of the PKC
response was shifted to the left with 1 iM PAF eliciting maximal PKC activation within 30 sec of
stimulation while 10 nM PAF eliciting peak activity within 2 min of stimulation. These data
indicate that higher doses of PAF are capable of activating PKC faster than lower doses while

lower doses sustain PKC activation to a greater extent than higher doses.

PKC Activation in HFs and human neutrophils

Activation of membrane-bound PKC in HFs and human neutrophils following PAF
stimulation was demonstrated to be both quantitatively and temporally different from that exhibited
by RECs. PAF elicited a dose-dependent increase in PKC activity with maximal activation
occurring within 2 min of stimulation in both HFs (Figure 42) and human neutrophils (Figure 43).
Human neutrophils were slightly more responsive to PAF than HFs. PAF (I uM) induced a
three-fold increase in PKC activation in human neutrophils compared to vehicle-treated cells (an
increase comparable to REC enhancement) and a two-fold increase in kinase activity in HFs.
However, unlike RECs, different concentrations of PAF failed to alter the kinetics of PKC
activation in either HFs or human neutrophils. Dose-dependent alterations were confined to the
magnitude of response and not the duration of activity. Specificity of the PAF-induced response
was confirmed by pre-treating cells with the PAF receptor antagonist, CV3988 (10 uM).
Blocking PAF receptors effectively inhibited the increase in PKC activity observed 2 min after
PAF administration (data not shown). These data demonstrate not only that PAF is capable of
activating PKC-dependent signalling pathways but also confirm the observation that there exists
some species to species differences in one of the si gnalling pathways triggered by PAF stimulation

(see Chapter III, Section 4).

Tyrosine Phosphorylation in RECs and HFs
PAF has been shown to increase tyrosine phosphorylation in rat Kupffer cells (9,10),
rabbit platelet (28), and human A43] epidermoid carcinoma cells (34,36). Following PAF

exposure, increases in tyrosine phosphorylated proteins were demonstrated by Western analysis in
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Figure 42. PAF dose-
dependently increases
membrane-associated PKC
activity in HFs

Cells were treated with PAF and kinase
assays were performed as described in
Materials and Methods. [. vehicle
(0.1% DMSO) treatment; B.PAF (0.1
nM) (A), PAF (10 nM) (B), or PAF (1 uM)

(C); —, non-specific binding of 32P to
P81 paper in the absence of peptide
substrate. Statistically significant
differences in PKC activity across time
and treatments are as follows: PAF (10
nM) versus vehicle MANOVA: df=1,60;
2 min treatment, F=8.4, p<0.05. PAF (1
uM) vs. vehicle MANOVA: df=1,60; 2
min treatment, F=8.4, p<0.05.

Figure 43. PAF dose-
dependently increases
membrane-associated PKC
activity in human neutrophils

Cells were treated with PAF and kinase
assays were performed as described in
Materials and Methods. 0O, vehicle
(0.1% DMSO) treatment; B.PAF (0.1
nM) (A), PAF (10 nM) (B}, or PAF (1 uM)

(C); —, non-specific binding of 32P to
P81 paper in the absence of peptide
substrate.  Statistically significant
differences in PKC activity across time
and treatments are as follows: PAF(10
nM) versus vehicle MANOVA: df=1,60;
2 min treatment, F=8.4, p<0.05. PAF (1
uM) vs. vehicle MANOVA: df=1,60; 2
min treatment, F=8.4, p<0.01.
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RECs and HFs. Data are presented for RECs (Figure 44). The pattern of imniunoreactivity was
similar for both rodent and human fibroblasts although immunoprecipitation of radiolabelled
phosphotyrosine containing proteins is required for greater resolution and more precise analysis.
PAF increased tyrosine phosphorylation of proteins with approximate molecular weights of 112,
89, 34, and 23 kD. Maximal effects were observed after 5 min of stimulation, Phosphorylation
could be inhibited by the PAF antagonist CV3988 (Figure 44). These data are in accordance with
the relative size and kinetics of tyrosine phosphorylated proteins induced by PAF stimulation in

other cell types (34,36).
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Figure 44. PAF (10 nM) time-dependently alters tyrosine phosphorylation in RECs

Cells were treated with PAF and SDS-PAGE and Western analysis were performed as described in
Materials and Methods. A representative immunoblot of PAF (10 nM)-treated RECs is depicted. Co-
exposure with Cv3988 (1 uM) + PAF (10 nM) inhibited tyrosine phosphorylaticn of proteins with
molecular weights of 112, 89, 34, and 23 kD.
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4. PAF Induces Gene Expression Associated with
Cell Growth and Cell Death

Abstract
PAF stimulation (1 pM - | uM) was found to increase ¢-fos and clusterin mRNA but not urokinasc
plasminogen activator (UPA) mRNA expression in RECs and HFs. These data provide the first evidence
that PAF can influence gene expression in primary rodent and human fibroblasts. PAF was found to
transiently increasc fos cxpression in RECs 5 min after stimufation. In keeping with the kinetics of PKC
activation observed in Chapter 1V, Scction 3, lower doses (1 pM) clicited longer lasting increases in mRNA
levels (up to 30 min) than higher doses (1 uM) (up to 15 min). The magnitude of fos expression
following superinduction with cycloheximide (10 pg/ml) was greater in TPA (10 nM)-treated RECs than
PAF (10 nM)-treated cells, consistent with degree of PKC activation observed in Chapter 1V, Scction 3.
Induction was mediated by PAFR stimulation given that CV3988 (1 uM) blocked PAF-induced increases in
Jos expression but not TPA-inducedincreases. In HFs, unlike RECs, PAF (1 HM) was found to clicit
sustained c-fos expression 10 min after ligand exposure lasting 1 hr after initial stimulation. PAF was also
capable of eliciting clusterin expression (a gene product involved in regulation of complement fixation
during an inflammatory response) in HFs.

Introduction

PAF has been demonstrated to increase transcription of c-fos, zif/268, and early growth
response gene-2 (EGR2) in inflammatory cells (12,21,24,28). In many of these systems,
attenuation of PAF-induced changes in gene expression have been achieved by treatment with
either tyrosine kinase or PKC inhibitors, permitting the elucidation of a hierarchy of signal
transduction events occurring immediately after receptor stimulation (21). In non-inflammatory
cell lines, PAF-induced expression of c-fos, c-jun, and TIS-1 has been demonstrated in A431
(human epidermoid carcinoma) cells, HEC-1A (endometrial carcinoma) cells, and NG108
(glioma/neuroblastoma hybrid) cells (1,19,24,32,36). Subsequent formation of AP-I
transcription complexes have been shown to alter AP-1-responsive gene expression (32).

Since PAF signalling has been implicated in both enhanced cell proliferation and increased
cell death in RECs and HFs (Chapter III, Section 2), the possibility that PAF elicits gene
expression was investigated. Three candidate genes were chosen for evaluation, c-fos, clusterin,
and urokinase plasminogen activator (UPA), based on their association with cell growth, cell
ablation, and the inflammatory response in cancer and progressive neurodegenerative disorders

(Chapter II, Sections 2-4). C-fos is a proto-oncogene known to play a role in immediate cell
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signalling responsible for induction of cell growth, cell death, and transcriptional modulation
depending upon the circumstancesand duration of activation (for a review see ref. (19)). The
clusterin gene product appears to function as a complement inhibitor whose expression is up-
regulated during apoptosis and probably facilitates in ensuring that both healthy and apoptotic cells
avoid immune surveillance and complement fixation (15). Clusterin may preferentially ensure cell
survival in the face of apoptotic signals given the in situ localization of mRNAs to surviving rather
than apoptotic cells after morphological evaluation. UPA is a protease capable of activating the
metalloprotease plasminogen thus facilitating breakdown of various protein components of the
ECM. Increased expression of UPA is associated with inflammatory cell migration, active cell
death, and the metastatic process (15,19,39).

To determine whether PAF can specifically modulate c-fos, clusterin, or UPA expression
in receptor-mediated fashion, Northern analyses were performed on total RNA isolated from

RECs and HFs stimulated with ligand in the presence or absence of a PAF receptor antagonist,

CV3988.

Materials and Methods
Cells and Culture Conditions
Fifth and sixth passage RECs and HFs were grown as described in Chapter IV, Section 2.

Cultures were allowed to reach confluence prior to treatment.

Measurement of Gene Expression

Cells were treated with PAF (1 pM - 1 uM)for 1 hr in the presence or absence of 1 pM
CV3988 (PAF receptor antagonist) as described in Chapter III, Section 3. Where indicated,
CV3988 was added 15 min prior to PAF exposure and co-incubated with PAF for I hr following
ligand stimulation. In some experiments, cells were pretreated with 10 pg/ml cycloheximide
added 10 min prior to ligand administration to increase the lifetime of PKC-responsive genes (4).
Following stimulation with PAF for various time intervals, total cell RNA was extracted and
Northern analysis carried out as described in Chapter IV, Section 2. The DNA probes used were a

1 Kb Pst 1 fragment of p-fos-1 (c-fos probe) (4), a 1.7 Kb EcoRI fragment of pl17H (clusterin
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probe) (40), a 1.5 Kb PSTI fragment of pHUKS (UPA probe) (14), and a 1;2 kb PstI fragment
from the pGAPDH (GAPDH probe) (31). Probes were labelled with [32P)dCTP using a random
primer labelling kit (Pharmacia, Ont). Pre-hybridization and hybridization were carried out as
described in Chapter IV, Section 2. At the end of the procedure, membranes were air-dried and
exposed to X-ray film for 3-48 h at -100°C. When membranes were re-probed, the first probe
was removed by exposing the membranes to 0.25% SDS, 10 mM sodium citrate (pH 6.8), at 95°C
for 5 min. Densitometric analysis were performed on autoradiograms determined to be within

linear range using an optical wedge by a GelScan XL densitometer.

Results and Discussion
Induction of gene expression in RECs

PAF (10 nM) had no effect on UPA expression (data not shown). An increase in fos
mRNA levels was observed in total cellular RNA isolated from RECs as early as 2 min following
PAF treatment in the presence of cycloheximide (Figure 45A). This induction was blocked by
pretreatment with CV3988 (1 uM) indicating involvement of PAF receptors (Figure 45C). As
expected, TPA (10 nM) induced fos mRNA expression (Figure 45B) and there was no effect of
CV3988 (1 uM) (Figure 45C). Densitometric analysis revealed that the degree of induction was 2
fold greater in TPA (10 nM)-treated RECs than in PAF (10 nM)-treated RECs following
superinduction of mRNA by cycloheximide. The kinetics of PAF-induced fos mRNA induction
were consistent with the pattern of PKC activation observed in Chapter IV, Section 3. In the
absences of cycloheximide, lower doses of PAF induced longer-lived fos expression (Figure 46A)

than higher doses (Figure 46B).

Induction of gene expression in HFs

PAF did not affect UPA expression in HFs (datanot shown). However, similarincreases
in c-fos expression were observed in HFs treated with PAF (1 uM) as observed in RECs with the
exception that the kinetics of c-fos activation were slightly delayed and longer lasting in HFs
compared to RECs (Figure 47). PAF-induced an 5 fold increase in c-fos mRNA within 10 min of

stimulation lasting up to 1 hr after ligand exposure. REC expression, at the same PAF dose,
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Figure 45. PAF induces expression of the proto-oncogene c-fosand the ACD-related gene
clusterin in RECs

Cells were treated with (A) PAF (10 nM) or (B) TPA (10 nM) in the presence or absence of a (C) PAF receptor
antagenist, CV3988 (1 um). Superinduction was achieved by pretreating cells with of a protein synthesis
inhibitor, cycloheximide (10 pug/ml), prior to RNA extraction. Following stimulation for various time periods, total
RNAwas isolated and Northern analysis was performed as described in Materials and Methods. Representative
autoradiograms are depicted. :
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PAF stimulation was also capable of increasing clusterin mRNA expression suggesting that PAF
treatment primes fibroblasts to survive activation of complement within the inflammatory
environment. PAF (10 nM) induced an 2-fold in.crcase over basal clusterin expression within 2
min of stimulation (Figure 47B). Clusterin is a complement-regulatory protein that is believed to
protect cells from complement fixation and immune-mediated lysis by preventing binding of C3b
(Chapter II, Section 2). Clusterin may also attenuate PAF production by attenuating complement
activation. Stimulation of decidual macrophages with activated complement inhibits secretion of
PAF-acetylhydrolase, thus prolonging exogenous PAF half-life in neighbouring tissue (29).
Activation of inflammatory cells with C3b induces PAF synthesis and release (13,37). Because
clusterin attenuates the binding of complement to healthy cells, it presumably plays some role in
mediating paracrine induction of PAF synthesis in cells exposed to circulating complement factors.
In fact, activation of clusterin may represent a self-regulatory response designed to limit expansion
of the inflammatory response by modulating the complement/PAF feedback loop, and/or a
protective response designe‘d to prime healthy cells within injured tissue to survive the
inflammatory environment.

These data provide the first evidence that PAF modulates gene expression in rodent and

human fibroblasts.
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Figure 47. PAF induces c-fosand clustetin expression in HFs

Cells were treated with PAF (1 uM) for various time periods. Celis were not pretreated with
cycloheximide priorto RNA extraction. Following stimulation, total RNA was isolated and Northern
analysis was performed as described in Materials and Methods. Representative autoradiograms from
two different membranes are depicted. Equivalent amounts of RNA were loaded in each lane as
assessed by ethidium bromide staining (data not shown)
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5. PAF-Induced Growth Enhancement is Accompanied by Gene

Expression

Abstract
A 1 hr exposure to PAF (1 uM) induces long-term cell proliferation in HFs grown under suboptimal
conditions (Chapter III). This growth enhancement is accompanicd by increases in clusterin and UPA
mRNA levels over a 30 day periodin the absence of further PAF stimulation. C-fos genc expression was
not affected following ligand removal. The enhanced expression in clusterin and UPA could be inhibited by
cxposure to PAF in the presence of a specific PAF receptor antagonist. CV3988 (10 UM). Induction of
mRNA was first observed S days after treatment, corresponding with increased cell proliferation, and lasted
for at least 30 days aftertreatment. Vehicle-treated cells, cultured underidentical conditions, did not exhibit
any changesin fos, clusterin, or UPA gene expression. These dataindicate that brief stimulation of HFs
with PAF is sufficient to modulate chronic gene expression in parallel with increases in autonomous cell
growth.
Introduction
Chapter 111 describes a series of experiments demonstrating that a 1 hr treatment with PAF
is sufficient to induce long-term growth enhancement of HFs grown under sup-optimal conditions
and in the absence of further exogenous ligand exposure. Given this phenotypic observation, it
was hypothesized that alterations in gene transcription accompany this effect. To test this
hypothesis, expression of the three candidate genes described in Chapter IV, Section 4 was

monitored over a 30 day period in HFs following brief exposure to PAF (1 uM).

Material and Methods
Cells and Culture Conditions

Sixth passage HFs were grown as described in Chapter IV, Section 2.

Measurement of Gene Expression

Cells were treated for 1 hr with PAF (1 uM) or vehicle as described in Chapter 11, Section
3. Following stimulation, HFs were washed free of ligand and were incubated in low serum
medium for up to 30 days . Medium was replaced twice weekly. Total cell RNA was extracted at
various time points after treatment and Northern analysis carried out as described in Chapter IV,

Section2. The DNA probes used were the c-fos, clusterin, UPA, and GAPDH probes described
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in ChapterlV, Section 4. Probes were labelled with [32P]dCTP using a random primer labelling
kit (Pharmacia, Ont). Pre-hybridization and hybridization was carried out as described in Chapter
IV, Section 2. Membranes were then air-dried and exposed to X-ray film (Kodak) for 3-48 h at
-100°C. When membranes were re-probed, the first probe was removed by exposing the

membranes to 0.25% SDS, 10 mM sodium citrate, pH 6.8, at 95°C for 5 min.

Results and Discussion

Brief PAF stimulation (1 hr) was found to induce UPA and clusterin but not fos expression
over a 30 day period (Figure 48). These increases were not observed in vehicle-treated cultures or
cells exposed to PAF in the presence of CV3988 (10 uM) (data not shown). UPA mRNA
induction was first evident 3 days after PAF treatment and lasted for 25 days after stimulation.
Transient enhancement of clusterin mRNA levels was first apparent during PAF treatment
(Chapter IV, Section4) and then reappeared 5 days after ligand removal lasting for 25 days after
stimulation. It was of interest to note that these kinetics correspond to the induction of cell
proliferation observed in PAF-treated HFs cultured under the same sub-optimal conditions. These
data demonstrate that PAF induces sustained expression of genes capable of regulating ECM-
degrading proteases (UPA) and of facilitating escape from immune surveillance (clusterin). These
findings encourages speculation that PAF has the potential to transiently influence tumour cell

invasion and metastasis.

ammeses
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Figure 48. Transient PAF stimulation induces urokinase plasminogen activator
(UPA) and clusterin expression but not c-fos expression in HFs

Cells were treated with PAF (1 uM) for 1 hr and incubated in low serum medium for 30 days with twice
weekly feeding. Total RNA was isolated at various time points and Northern analysis was performed as
described in Materials and Methods. Representative autoradiograms are depicted.
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6. Overview

The data presented in ‘Signal Transduction’ provide directevidence for the hypothesis that
PAF-induced cell signalling in RECs and HFs is mediated by specific PAF receptors, PKC
activation, and phosphorylation of, as yet, uncharacterized proteins on tyrosine residues.
Immediate signal transduction events observed in the presence of PAF could be distinguished from
the subsequent cell signalling observed in the absence of ligand. PAF stimulated transient,
immediate expression of the ¢-fos proto-oncogene and the complement-regulatory gene, clusterin,
but did not alter transcription of UPA. Subsequent expression of clusterinand de novo increases
in UPA mRNA were observed 5 days after PAF treatment with enhanced expression lasting up to
30 days after the initial stimulation. Increases in c-fos mRNA were not observed upon removal of
the ligand indicating that, although this immediate-early gene product may assist in eliciting long-
term growth enhancement by linking extracellular receptor stimulation to immediate intracellular
alterations in transcription, it is not required for subsequent gene expressionor cell proliferation in
the absence of PAF. These data provide the first insight into PAF-mediated signal transduction in

rodent and human fibroblasts and document the unexpected result that brief exposure to PAF is

sufficient to alter gene expression for up to 30 days after ligand removal.
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1. Introduction

In the preceding chapters, PAF has been shown to induce either cell growth or cell death in
primary RECs and HFs depending upon the dose and the duration of ligand exposure. Evidence
is presented to suggest that these effects are mediated by a variety of signal transduction molecules
including PAFR, intracellular PAF, PKC, tyrosine kinase, and H,0, and are accompanied by
transient expression of the proto-oncogene c-fos and prolonged expression of both the protease-
encoding gene UPA and the ACD-associated gene clusterin.

The observation that proto-oncogenes and metastasis-related genes accompany PAF-
induced growth enhancement underlines another similarity between the ‘inflammatory phenotype’
and malignantconversion. Transient growth enhancement, ECM remodelling, and the ability of
healthy cells to avoid complement fixation are necessary components of wound healing.
However, when constitutively expressed, these characteristics also define the tumour cell
phenotype. Malignant transformation requires mutagenic conversion of a proto-oncogene to an
oncogene, loss of tumour suppressor function, and/or permanent activation of metastasis-related
genes. The data presented in the previous chapters indicate that itis unlikely that PAF is directly
mutagenic. In fact, in extrapolating the in vitro evidence presented in Chapters II-1V to the in vivo
situation, it is tempting to speculate that PAF elicits ACD in non-inflammatory cells continually
exposed to high concentrations of inflammatory agents (ie. cells located at the centre of inflamed
tissue) while promoting proliferation in cells transiently exposed to lower concentrations of ligand
(ie. cellslocated at the periphery of injured tissue). During a normal inflammatory response, this
response could serve to protect against the survival of cells exposed to high levels of potentially
damaging proinflammatory agents (for a list see Chapter II, Section 3) while still facilitating
wound healing in neighbouring tissue. However, during chronic inflammatory conditions, PAF-
induced protracted cell proliferation could also serve to increase the likelihood that rare cells are
exposed to DNA-damaging agents while in the process of replicating. As indicated in ChapterI1,
Section 3, many genetic alterations observed in human cancers in vivo and elicited by

proinflammatory agents in vitro require cell division (ie. chromosome loss, duplication, and
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translocation). Given the strong correlation between chronic inflammatory conditions and
increased predisposition to many cancers (ChapterII, Section 3), this model suggests that repeated
exposure to PAF, as a consequence of chronic inflammation, may influence tumourigenesis by
increasing the probability that a non-inflammatory cell survives and proliferates within a non-
permissive and potentially damaging inflammatory environment.

Given the hypothesis that PAF contributes to tumourigenesis by increasing the rate of cell
growth, what role (if any) could PAF play in tumour progression? By definition, tumour cells are
already capable of autonomous cell growth. Presumably, these cells are also routinely exposed to
proinflammatory agents as their tumour expansion has been shown to elicit inflammatory and
immune responses in surrounding tissue and perpetuate chronic inflammatory conditions (32,43).
What effect, then, does PAF have on cells already transformed? Since the ligand has been
implicated in proto-oncogene activation, ECM remodellin g, and escape from immune surveillance,
it seems possible that these effects could influence metastatic potential in cells already genetically
altered. Once again attentionis drawn to the similarities between the ‘inflammatory phenotype’
and the ‘metastatic phenotype’. PAF plays an integral role in inducing inflammatory cell
migration, extravasation of activated phagocytes into and out of the circulatory system, and
immune system modulation (Chapter I1, Section 5). Could tumour progression be influenced by
long-term (albeit transient) phenotypic alterations in the presence of existing genetic mutations. To
address this question, primary RECs were transformed with an activated human ras oncogene and

phenotypic/genotypic changes in response to PAF treatment were evaluated.
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2. Recovery of a Rare Clone from a Population of Unstable

Retroviral Vector-Expressing RECs

Abstract

Although a useful and important method of gene transfer, retroviral vectors can be genetically unstable. In
the course of routine experiments using DOEIJS, a retroviral veetor able to conferexpression of a c-Ha-rus
oncogene anda neomycin resistance gene (neo) on mammalian cells (9), it was demonstrated that the vast
majority of infected RECs, recovercdon the basis of neo activity (ic.. G418 resistance), did not CXPress rus
mRNA. It was subscquently found that most cells in the W2 cell line used to propagate the DOEJS
retrovirus failed to produce virion capable of cxpressing both rus and neo in RECs. A simplificd RNA
extraction and slot-blot technique was developedto screen mRNA from several hundred fibroblast clones
and, in doing so, successfully infected REC/nus cells (producing both neo and ras mRNA) were identified at
low frequency (0.8%). The DOEJSAy2 packaging line was subcloned and individual cell fines screened for
their ability to conferappropriate gene expression on target RECs. DOEJSiy2-D6 was cventually isolated
after screening 24 DOEJS subclones and 240 infected REC colonies. DOEJS/y2-D6 was shown to rcliably
induce G418 resistance indicative of both ms and neo mRNA expression in RECs.  Thus, the RNA
extraction and screening procedure was useful for (1) recovering an infrequent subclone producing a
retrovirus with the original properties and (2) establishing a ras-transformed REC line (REC/rus cells).
Introduction
Cloning vectors employing replication deficient retroviruses are important tools for
efficiently introducing genetic sequences into the DNA of mammalian cells. This technology has
been used to insert foreign genes into embryos (9) and is increasingly being explored for human
gene therapy (14,28). However, retroviral vectors can be genetically unstable (26,40)
highlighting one of the many obstacles thwarting successful therapeutic usefulness. This chapter
describes work with the DOEJS retroviral vector designed by Compere et al (9) and obtained for
the purpose of introducing an activated ras oncogene and a selectable drug resistance marker into
third passage RECs. DOEJS, containing a human c-Ha-ras-1 oncogene driven by a Moloney
murine leukemia virus long terminal repeat (Mo-MuLV LTR) and a Tn/0 neomycin resistance
gene (neo) driven by a simian virus 40 (SV40) early-region promoter, was maintained in an
appropriate Y2 packaging cell line permitting virion propagation into culture medium. This
construct has been shown to successfully transduce ras and neo in vivo in murine embryos (9) and

in vitro in rodent epithelial cells (43). However, under the present conditions, when virion were

harvested from DOEJS/y2 culture supernatant and used to infect RECs, only 0.8% of the G418-
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resistant infectants exhibited morphological transformation characteristic of oncogenic ras
activation. A rapid RNA extraction and slot-blot procedure was designed to recoverrare clones in
the infected REC population expressing both neo and ras and to permit identification of a

functional DOEJS/y2 clone from a population composed primarily of viral variants,

Materials and Methods
Cells, retrovirus, and culture conditions

Third passage RECs were as described in Chapter 111, Section 2. DOEJS/y2 cells, kindly
provided by Dr. R. Jaenisch, are a W2 cell packaging line that produces a replication-deficient
retrovirus containing the DOEJS construct (9). The construct is composed of the EJ bladder
carcinoma human Ha-rus- 1 oncogene, driven by a Mo-MuLV LTR, and a Tnl0 neomycin
resistance gene, driven by a SV40 early-region promoter conferring resistance to the drug G418
sulfate. NIH 3T3 cells (ATCC) are an established murine fibroblast line used to titre virus
potency. RECs, DOEIS/y2 cells, and NIH 3T3 cells were cultured in DMEM+10% FCS as

described in Chapter III, Section 2.

Retrovirus-mediated gene transfer

Virion were harvested from the supernatant of 90% confluent DOEJS/y2 cells, 24 hr after
medium change. The supernatant was filtered through a 0.45 um filter to remove cell debris.
RECs or NIH 3T3 cells, seeded at 5x10° cells per 10 cm dia. tissue culture dish 24 hr prior to
infection, were exposed for 18 hr to retrovirus in 5 ml of DOEIJS/y2 supernatant containing 8
Hg/ml polybrene (Sigma, MO). The medium was diluted with fresh DMEM+10% FCS reducing

the polybrene concentration to 1.6 Hg/mland incubation was continued for 48 hr. Cells were

detached by trypsinization and replated at 1x 107 per 10 cm dia. tissue culture dish. Infected target

cells were grown for 10 days in selection medium containing 400 ug/ml G418 sulfate
(Gibco/BRL, Ont) with twice weekly feedings. For Northern analysis, DOEJS-infected
population and isolated clones were grown in selection medium until a suitable cel] density was

obtained. For slot-blot analysis, DOEJS-infected cells were plated in 24-well tissue culture dishes
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under selection pressure until nucleic acids extraction.

Extraction of DNA and total cellular RNA

DNA was extracted as described in (5). For Northern blot analysis (standard protocol),

RNA was extracted from 5x10° cells as described in Chapter IV, Section2. For slot-blot analysis
(slot-blot protocol), a simplified extraction procedure eliminated precipitation and DNA removal
steps. Cultures containing 4x10° to 5x105 RECs per wellin a 24-well culture plate were washed
with a balanced salt solution before addition of 250 Kl RNA extraction solution (RES) containing
25-75 pg/ml proteinase K (depending on the cell number). RES is 0.5 MLIiCl, | M urea, 0.25%
sodium doedcyl sulfate (SDS), 20 mM sodium citrate, 5 mM CDTA, pH 6.8, modified slightly
from (5). Plates were maintained at 50°C with shaking until the digested material was clear and
could be easily pipetted (< 2 h). Extracts were transferred to 2 ml microcentrifuge tubes and
individually sonicated with a 1/8" microprobe at low power. Samples were sequentially extracted
with 50 pul phenol/chloroform and 100 pl chloroform. leaving behind the organic (bottom) phase
and interface material. The final volume of the aqueous samples was approximately 200 pl.
Contaminating DNA was not removed for reasons described below. Samples were analyzed in
duplicate (100 pl), except where very small amounts of material were available. Traces of

chloroform were removed by evaporation to avoid damaging the plastic slot-blot apparatus.

Southern, northern, and slot-blot analyses

Southern analysis was performed as described in (10). Samples were digested with Ssl
prior to electrophoretic separation on a 0.8% agarose gel. Electrophoretic and transfer conditions
were as in (8). Northern analysis (of RNA prepared by the stndard protocol) was carried out
essentially as describedin Chapter IV, Section 2. Briefly, purified total RNA (approximately 10
ug) in CCS (1 mM sodium citrate, | mM CDTA, 0.1% SDS, pH 6.8) was denatured with
formaldehyde, electrophoretically separated on a 1.2% agarose gel containing 0.2 M
formaldehyde, and transferred to a Hybond-N nylon membrane filter using a vacuum system. For

slot-blot analysis (of RNA prepared by the slot-blot protocol), 100 pl samples, prepared as
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described above, were mixed with 10 pl 37% formaldehyde and heated for 30 min at 65°C.
Contaminating double-stranded DNA is not expécted to be denatured under these conditions and,
therefore, is not expected to bind in significant amount to membrane filters. Hybond-N
membranes were hydrated for 15 min in 0.5 M to 2.5 M of either NaCl, LiCl, CsCl, or KCl, or in
0.5 to 10xSSC (10xSSC: 1.5 M NaCl, 0.15 M sodium citrate) and mounted in a BioRad slot-blot
manifold. 100 ul of the corresponding high salt solution was added to the denatured RNA
samples prior to transter. A 150 W heat lamp was used to maintain an elevated temperature in the
manifold throughout the transfer to avoid precipitation of detergent. Samples were applied under
40 cm water vacuum and wells were washed once with 200 ul 10xSSC. Membranes were
removed from the slot-blot apparatus, air-dried, heated for 20 min at 80°C, and irradiated with
ultravioletlight for 3 min. Pre-hybridization and hybridization were carried out as described in
Chapter IV, Section 4.

The DNA probes used were a 2.4 kb BamHV/Hindl11 fragment of the pSV2 plasmid
containing the neomycin resistance gene (neo probe) (34), a 2.9 kb Sacl fragment from the
pEJ6.6 piasmid containing the human c-H-rus gene (ras probe) (32) and a 1.2 kb PstI fragment
from the pGAPDH plasmid containing the GAPDH gene (GAPDH probe) (29). Probes were
labelled with [32P]dCTP using a random primer labelling kit (Pharmacia, Ont). Following
hybridization, membranes were air-dried and exposed to X-ray film for 3-48 h at -100°C. When
membranes were re-probed, the first probe was removed by heating the membranes in 0.25%

SDS, 10 mM sodium citrate, pH 6.8, at 95°C for 5 min.

Results and Discussion
Retroviral infection of RECs

Genetic instability of an established retroviral construct was encountered during routine
gene transduction experiments. Five REC cultures were infected using supernatant from the
DOEJS/y2 virion producer line and selected for G418 drug resistance. No morphological
transformation characteristic of oncogenic rus expression was detected in any of the drug-resistant

populations. By Northern analysis, all G418-selected populations could be shown to express neo
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Figure 49. Northern blot of RNA isolated from control and DOEJS-infected REC
populations.

RNAwas extracted from the indicated cells using the standard procedure and probed with a ras probe,
a neo probe, or a GAPDH probe as described in Materials and Methods. Lane 1, RECs; lane 2,
DOEJS/y2-infected REC population #1: lane 3, DOEJS/y2-infected REC population #2; lane 4,

DOEJS/y2-infected REC clone (REC/D #74); lane 5, DOEJS/y2 cells (producer line).
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MRNA in the absence of detectable levels of ras mRNA  (Figure 49). Thus, it appeared that the
ras gene was either inactivated or lost.

Within the DOEJS vector, rasis driven by a2 Mo-MuLV LTR promoter while neo is driven
by an SV40 promoter (Figure 50). This latter promoter is resilient to endogenous inactivation,
However, primary rodent explants have been shown to express a variety of gene products that
bind to and silence the Mo-MuLV LTR (26). Endogenous inactivation could account for the lack

of morphological transformation observed in REC:s following infection. The fact that G418-

Figure 50. Structure of DOEJ-related
recombinant retroviruses
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resistant NIH 3T3 cells, infected with DOEJS/Ny2 supernatant, did not demonstrate ras-induced
transformation indicated that the problem was not specific to primary cells (data not shown).
Another possibility is that the rus gene was lost during viral packaging or during integration of
retroviral RNA into the target genome. High rates of genetic rearrangement during replication
have been demonstrated in Mo-MuLV-based vectors (40). In fact, this inherent instability was
evident during the original DOEJS construction. In Figure 50B, the DOEJS virus employed in the
present study lacks endogenous ras introns. This construct represents a splice variant of the
original DOEJ construct (Figure 50A) transfected by Compere et al (9) into y2 producer cells.
Viron derived from DOEJN2 cells carried a variety of aberrantly spliced vector sequences with

different degrees of functionality, including the construct depicted in Figure 50C in which the
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entire ras sequence is missing. The DOEJS virus (Figure SOB), devoid of discernible ras intron
sequences, was rescued from infected target ceils and re-introduced into Y2 packaging cells.
Viron derived from this DOEJS/y2 line were shown to reliably infect target murine cells (9,43).
In the present experiments, subsequent loss of DOEJS virus integrity during virion propagation
may account for the inability to introduce both functional ras and neo gene into target cells.
Southern analysis confirmed this hypothesis (Figure 51). When genomic DNA was isolated from
DOEJS/y2 cells and G418-resistant RECs, digested with restriction endonucleases, and probed
for neo sequence, a full-length DOEJS fragment (4.9 kb) as well as a faint larger band (6.0 kb)
could be identified. This larger band is the same size as the original DOEJ construct. However, in
the infected REC population, the predominant band was 4.2 kb with a faint signal at 4.9 kb
indicating either that the DOEJS vector was truncated prior to integration or that some form of
rearrangement occurred during assimilation of the construct into the REC genome. The faint band
at 4.9 kb also suggested that rare rus-expressing RECs could be isolated from the mutant
population. To accomplish this task, G418-resistant REC clones were screened for ras mRNA

using the slor-blot protocol.

Development of the slot-blot protocol

Slot-blot analysis of gene expression is not a new screening procedure. Protocols have
been developed to extract RNA from a small number of cells and permit direct application to
membranes (6,7,24,36,37,40). Each technique has limitations such as variability in the efticiency
of trapping of mRNA and a requirement for isolation of cytoplasm. The procedure developed in
this chapter facilitates RNA extraction from multiple samples containing a relatively few number of
cells by minimizing the number of steps involved in RNA purification. Ethanol precipitation is
avoided and no attempts are made to remove DNA since double-stranded nucleic acids are not
expected to bind to the nylon membrane under the conditions employed. These improvements
permitted rapid screening of over 300 clones.

Effective binding of RNA to membranes requires high salt and improves with denaturation

of the samples. The concentration of LiCl salt present in RES was not high enough to permit
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Figure 51. Southern analysis of DNA isolated from control and DOEJS-infected
REC populations

DNAwas extracted from the indicated cells and digested with Sstl. Southern analysis for neo was
performed as described in Materials and Methods. Lane 1, RECs; lane 2, DOEJS/y2-infected REC
population #1; lane 3, DOEJSAy2-infected REC clone (REC/D #74); lane 4, DOEJS/y2 cells (producer
line).
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optimal binding of RNA; however, raising the salt concentration above 0.5 M caused precipitation
of SDS. Substitution of sarkosyl, a more soluble detergent, was not as effective in extracting
RNA (datanot shown), Consequently, several monovalent cations were tested for their ability to
promote binding of RNA to nylon membrane, including 0.5 - 10xSSC and/or 0.5 - 2.5 M (final
concentration) NaCl, LiCl, CsCl, and KCI. Only KCl (at 1.5 - 2.5 M final concentration) proved
effective. Despite the fact that the potassium salt of dodecyl sulfate is insoluble at low temperature
(4), precipitation could be avoided if samples were maintained at 55 - 65°C in a water bath both
prior and subsequent to the addition of KCI (final concentration, 2.5 M) and the slot-blot apparatus
was heated with a 150 W lamp. Thus, optimal conditions for binding of RNA to nylon
membranes (slot-blot protocol) occurred when (1) preheated, formaldehyde-denatured samples in
RES were mixed with an equal volume of preheated 5 M KCI and maintained at 65°C, (2)
membranes were hydrated in 10xSSC, (3) diluted samples were quickly transferred to the heated
slot-blot apparatus, and (4) wells were washed with 200 ut 10xSSC.

The sensitivity of this procedure was determined by comparing GAPDH mRNA in total
RNA  extracted from whole cells using either the standard or slot-blot protocol (Figure 52).
Purified RNA, prepared by the standard protocol, was dissolved either in CCS or in RES plus
indicated salts. RNA, prepared using the slot-blot protocol, was isolated from different numbers
of RECs (4x103- 5x105). These samples were applied to Hybond-N membrane using a slot-blot
apparatus. A [32PJ-]abelled GAPDH probe was used to monitor mRNA binding and efticacy was
quantified by densitometric analysis of autoradiograms. Densitometry revealed a linear dose
response relationship between the amount of RNA loaded and the intensity of the GAPDH signal
(Figure 52D). The lower limit for detection of GAPDH mRNA was 200 ng of totalRNA perslot.
The upper limit of linearity was 3 pg of RNA per slot.  RES was as effective as CCS in
promoting binding during the transfer procedure (Figure 52A,B). The signal from 200 ng to 3 g
RNA corresponded to the signal obtained from approximately 8x10% - 1.2x10° cells extracted
using the slor-blot protocol (Figure 52C). The maximum capacity of the membrane for RNA was
also assessed by using a double thickness of membrane and staining the bottom membrane with

0.1% methylene blue in 50% ethanol. Overloading of the first membrane (i.e. recovery of RNA to
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Figure 52. Comparison of total cellular RNA extracted using the standard or the
slot-blot protocols

(A), Standard extraction dissolved in CCS; (B), Standard extraction dissolved in RES; (C), Siot-blot
extraction dissolved in RES. The RNA samples were applied to a nylon membrane and probed with a
GAPDH probe as described in Materials and Methods. (D), densitometric analysis of Panels A-C. &,
Standard extraction dissolved in CCS; O, Standard extraction dissolved in RES; X, Slot-blotextraction
dissolved in CCS. Note the complete overlap of symbols indicating equivalent binding of RNA to
membrane and equal signal intensities achieved using either solvent and/or extraction procedure,
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I 92
the second membrane) was observed at quantities greater than 3 pg per slot (9 mm< surface area of

membrane).

Screening of DOEJS-infected REC clones

130 G418-resistant clones were isolated from the 5 different REC populations infected
with supernatant harvested from the DOEJS/y2 producer line and analyzed using the slor-blot
protocol. One clone (REC/D#74) or 0.8% of the G418-resistant population was found to express
both the neo gene and an activated rus oncogene (Figure 53). This result was confirmed by
Northern analysis (Figure 49).

To re-establish a stable DOEJS/y2 cell line capable of reliably infecting RECs, 24
DOEJS/y2 clones were isolated and grown to a suitable density for further study. The culture
supernatant from each clone was harvested and used to infect RECs. Ten G418-resistant REC
clones were isolated from each infection (a total of 240 clones). Of the 24 DOEJS/y2 clones
examined, only DOEJS/y2-D6 reliably introduced both a functional neo and a human ras
oncogene into cells (Figure 53). All 10 clones, isolated following infection of RECs with
DOEJS/y2-D6 supernatant, expressed ras mRNA |

These experiments demonstrate that DOEJS/y2-D6 reliably produces virion capable of
infecting primary rodent cells with the DOEJS construct and describe how this retrovirus was used

to generate 11 G418-resistant REC clones transducing an activated human rus oncogene.
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Figure 53. Slot-blot analysis of RNA extracted from G418-resistant REC clones.

Using the slot-blot protocol, RNA was extracted from RECs infected with virus from DOEJS/y2 clones
D1-D24 (wells A1-6, B1-6, C1-6, D1-6) or from the parental DOEJS/y2 line (wells E1-6). The same
membrane was hybridized with a ras probe, a neo probe, anda GAPDH probe as described in Materials
and Methods. Only G418-resistant RECs derived from DOEJSAhy2-D6 (wellB6) and REC/D#74 (well E2)

expressed detectable levels of neo and ras.
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3. Characterization of REC/ras and REC/neo Clones

Abstract

RECs, REC/neo cells, and REC/rus cells were phenotypically characterized. Two clones (REC/us-D62 and

REC/nec-D14) were chosen for further experimentation. The rus-rransformed clone was isolated on the

basis of morphological transformation, oncogenic human ¢-Ha-ms mRNA production, and enhanced pllw

immunoreactivity. This clonc exhibited a substantially reduced doubling time, a loss of contact inhibition,

an ability to sustain indefinitc growth in low serum. and a strong Al phenotype comparcdto both REC/neo

cells and the parental REC population,
Introduction

Mutagenic damage to specific codons of genes known as proto-oncogenes typically results

in phenotypic transformation. The dominant effects of oncogenic activation are mediated by
permanent alterations in either gene expression or gene product that alter protein function. The ras
genes were the first and perhaps best example of dominant oncogenes. Ras genes encode for a
family of 21 kD proteins (p21”‘§) that play an intrinsic role in mediating cell cycle by acting as G
protein signal transduction molecules for cell surface growth factors receptors (20).
Heterotrimeric G proteins and their monomeric ras counterparts are activated by specific G-protein
linked receptors (ie. PAFR) that catalyze the exchange of GDP for GTP. The GTP-bound G
protein is capable of transmitting a signal to an effector protein. Hydrolysis of GTP to GDP
(GTPase activity) limits the duration of this signal. Point mutations in the Ha-rus gene, most
commonly at codons 12,13, and 61, render the p21’® gene product constitutively active by
rendering the protein unable to bind GTPase activating protein (GAP) and stimulate ras GTPase
activity (ie. preventing the hydrolysis of GTP to GDP) (10,22). Oncogenic p21™ has been
detected in both naturally- and chemically-induced tumours but is, in and of itself, usually
insufficient to cause overt malignancy under experimental conditions (20). In vitro, the ¢-Ha-ras
oncogene is capable of phenotypically transforming a variety of cell lines, inducing morphological
alterations, decreases in cell doubling time, autonomous cell growth, and Al capabilities
(1,21,25,32,38). In many cases, these cells acquire a metastatic phenotype when transfected with
another co-operating oncogene (20).

In the present experiments, G418-resistant RECs, retrovirally infected with supernatant



-154-

derived from either DOEJS/y2-D6 (functional ras/neo vector) or DOEJSAy2-D3 (functional neo
vector) as described in Chapter V, Section 2, were-cloned and named REC/ras or REC/neo cells
respectively. REC/ras clones were screened immunohistochemically for overexpression of ras
mRNA and the p21"™ protein. Clones were also examined for morphological transformation.
One REC/ras clone (exhibiting the strongest immunoreactivity and greatest morphological

alteration) and one REC/neo clone were chosen for further phenotypic characterization.

Materials and Methods
Cells, culture conditions, and characterization

REC/ras and REC/neo clones were prepared as described in Chapter V, Section 2. Cells
were selected for 10 days in DMEM+10% FCS + 400 pg/ml G418 sulfate and maintained for the
duration of the experiment in complete medium + 200 pg/ml G418 sulfate. Characterization of the
REC/ras clones was accomplished using the panel of antibodies described in Chapter I11, Section
2. Immunohistochemistry for p21™ protein was performed as described in Chapter I11, Section 2
using a primary monoclonal antibody (1:100; Oncogene Science, NY) capable of detecting both

endogenous and oncogenic p21%.

RT-PCR analysis of PAFR

Total cellular RNA was prepared from 2x1 0 cells essentially as described in (4,5). PAFR
RT-PCR was performed as described in Chapter IV, Section 2.

Phenorypic Transformation
Plating efficiency, doubling time, saturation density, growth in low serum medium, and Al
growth of equal passage RECs, REC/neo cells, and REC/ras cells were determined as described in

Chapter III, Section 3.
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Results and Discussion
Characterization of REC/ras and REC/neo cells

REC/D#74 (see Chapter V, Section 2) and REC/ras clones infected with DOEJS/y2-D6
supernatant were morphologically transformed, expressed oncogenic ras mRNA, and exhibited
enhanced ras immunoreactivity (data not shown). One clone, REC/rus-D62, exhibiting the
strongest immmunoreactive signal, and one REC/neo clone, REC/neo-D14, were chosen for
further investigation (Figure 54). Both clones expressed PAFR as determined by RT-PCR and

were composed entirely of fibroblasts as determined by immunohistochemistry (data not shown).

REC/ras and REC/neo phenotype

Phenotypic characteristics are indicated in Table 10. Introduction of an active neo gene had
no effecton REC phenotype. REC/neo-D 14 behaved like equivalent passage RECs. By contrast,
ras-transformed cells exhibited shorter doubling times, autonomous cell growth and Al phenotype.

REC/ras cells were not contact inhibitedand did not demonstrate saturation density per se. Once

grown past confluence (2x109 cells/6 cm dia. dish), they were no longer able to adhere to tissue
culture plates. (Cells remained viable if cultured immediately upon lifting.) These data indicate

that REC/ras-D62 cells exhibit an enhanced growth potential, characteristic of oncogenic rus.

Table 10. Comparison of REC, REC/neoand REC/ras phenotype

Properties® Cell Lines

REC REC/neo-D14 | REC/ras-D62
Plating Efficiency (%) 15% 10% 7.4%
Doubling Time (h) 33.5 32 20
Saturation Density 1.9x106 1.4x108 2 0x10°
(cells/6 cm. plate)
Growth in low serum
Doubling time (h) 127.6 128 130
Days of growth 6 6 >60
Al cloning efficiency (%) | <0.01% <0.01% 30.6%
Cell type F F F

3petails as in Table 1
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Figure 54. Morphology of RECs, REC/neo-D14, and REC/ras-D62

Details as in Materials and Methods. Representative photomicrographs are depicted. (A), untreated
RECs. (B), REC/neo-D14 cells. (C), REC/ras-D62 cells. Scale bar= 20 pm.
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S. Brief Exposure to PAF Induces ACD Followed by Long-term
Growth Enhancement in REC/ras Cells

Abstract

Most solid tumours exhibit activated inflammatory cell infiltration. This observation suggests that
repcated exposure to proinflammatory agents released by these cells may play a role in the malignant
conversion of tumour cells already expressing one or more activated oncogenes. To test this hypothesis in
vitro, RECs were retroviratly infected with the ¢-Ha-ms oncogenc and/or a selectable neo marker, exposcd to
physiologically relevant concentrations of PAF (1 pM - 1 uM) for | hr, and assaycd for long-term
alterations in cell proliteration. As with parental RECs. a brief cxposure 10 PAF (10 nM - | uM)
increased the ability of REC/neo cells to (i) form foci, (ii) reach a high saturation density in complete
medium, (iii) grow in low serum-containing medium, and (iv) exhibit Al growth. By contrast, PAF's
ability to mediate REC/ras proliferation was dependentupon culture conditions. When grown in complete
medium, PAF treatment dose-dependently enhanced growth of REC/ras cells. When cultured in low serum-
containing medium, PAF clicited cell death 3-8 days after ligand exposure. Cell death was indicated by loss
of adherence 1o tissue culture plates, morphological changes suggestive of ACD, and induction of DNA
fragmentation. Effects were first observed 3 days after ligand administration. became maximal 5 days after
cxposure, and lasted up 10 8 days after trcatment. The ability of PAF to elicit cell loss was dose-dependent
with peak effects observed following treatment with 1 uM PAF. By Day 10. ACD was no longer evident
and remaining REC/ms cells were again capable of proliferating under sub-optimal growth conditions.
When these cells were retested for autonomous cell growth 25 days after treatment in the absence of further
ligand exposure, PAF-treated REC/rus cells demonstrated enhanced growth in low scrum medium lasting up
to 50 days after initial ligand exposure.  Cell proliferative rates in PAF- and vehicle-treated cultures were
cquivalent after Day 50. Finally, when cells were grown in an Al environment. PAF was shown to dose-
dependently attenuate REC/ras cells Al phenotype.  This inhibition was cvident 10-20 days after PAF
cxposure. Subsequentto this time period, PAF-treatcd REC/ras cells demonstrated transient enhancements
in AT growth compared to vehicle-treated cells.  These data are interpreted in light of the hypothesis
presentedin Chapter Il in which bricf exposure to PAF was shown to clicit putative intracellular PAF
accumulation triggering synthesis and releasc of mitogenic factors into the extraceliular milicu.

Introduction

In vivo tumour development often incites a inflammatory response in and around the site of
aberrant cell proliferation resulting in elevated local levels of proinflammatory agents and
significant inflammatory cell infiltration of the tumour mass (30,41). As indicated in Chapter I1I,
Section 3, these activated phagocytes synthesize and release a number of inflammatory factors
capable of mediating cell growth, cell death, and genetic mutations, including active oxygen
species, AA and its metabolites, NO, interleukins, TNFo, and PAF. Oxyradicals and AA
metabolites may contribute to tumour progression in cells already transformed by an activated

oncogene by eliciting further genetic damage (18,41,44). In other cases, inflammatory cytokines
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have been implicated in the process of tumour regression (1,27,42). To investigate the role of
PAF in the development of malignant tumours, REC/ras and REC/neo cells were exposed to the
ligand and alterations in cell doubling time, morphology, cell viability, saturation density, growth
in low serum-containing medium, and Al growth were determined. Unexpectedly, PAF initially
reduced REC/ras transformation apparently by inducing ACD in the treated population when cells
were grown under sub-optimal growth conditions and/or by reducing cell division when cultures
were exposed to an Alenvironment. These effects were followed by a transient potentiation of the
ras-induced phenotype in the surviving cell population. These data indicate that PAF exerts
paradoxical effects in REC/ras cells; effects associated with tumour progression as well as tumour

regression.

Materials and Methods
Treatment with PAF and related compounds

REC/rus and REC/neo cells (characterized in Chapter V, Section 3) were maintained in
DMEM+10% FCS+ 200 pg/ml G418 sulfate. Exponentially growing cultures were trypsinized
and plated at the cell densities described in Chapter 111, Section 3 on 6 cm tissue culture dishes
(REC/neo cells) or on 10 cm tissue culture dishes (REC/ruas cells). Cultures were treated with

PAF (1 pM - 1uM) or vehicle for I hr as described in Chapter 11, Section 3.

Assays of Cell Transformation and ACD

Following treatment, REC/rus cells and REC/neo cells were assayed for changes in (i)
viability, (ii) morphology, (iii) doubling time, (iv) saturation density, (v) focus formation, (vi)
growth in low serum medium, and (vii) Al growth as described in Chapter III, Section 3.
Following 25 days of testing, cells were trypsinized and allowed to replate ata density of 100,000
perplate. Cells were then re-assayed for (i) saturation density, (ii) growth in low serum, and (iii)
Al growth in the absence of further PAF exposure as described in Chapter I, Section 6.
Induction of DNA ladders, indicative of an apoptotic process, was assessed as described in

Chapter 111, Section 2. Statistical analysis were as performed in Chapter III, Section 2.
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Results and Discussion

Elevated levels of PAF in plasma have been documented in patients suffering from
prostatic carcinoma, leukemia, nasopharyngeal carcinoma, histiocytic lymphoma, and metastatic
melanoma (15). Maggi et al. (23) have demonstrated that autocrine production of PAF is
responsible for the increased cell growth observed in an endometrial adenocarcinoma cell line,
HEC-1A. Bazan et al (3) indicate that PAF is capable of inducing collagenase expression in
normal epithelial cells. These experiments suggest that PAF has the potential to play a role in
tumour progression in cells already genetically altered. Given that the tumour mass often elicits a
substantial inflammatory response in neighbouring tissue, it is possible that tumour cells are
chronically exposed to various concentrations of PAF. As discussed in Chapter 11, Section 5, the
kinetics of PAF metabolism and catabolism within the inflammatory environment suggest that this
exposure represents repeated (cyclic) stimulation. To assess the effects of transient PAF treatment
on RECs transformed with an activated human rus oncogene, REC/ras cells and REC/neo cells
were treated for 1 hr with PAF and alterations in cell viability, morphology, doubling time, focus
formation, saturation density, growth in low serum, and Al growth were evaluated.

No indication of cytotoxicity following 1 hr treatment with PAF (1 pM- | uM) was seen
when REC/ras and REC/neo cells were maintainedin complete medium (data not shown). As
with RECs, PAF did not alter cell doubling times or morphology in either cell line over the first 5-
10 days of growth in complete medium. PAF (10 nM- 1uM) did increase REC/neo saturation
density (Figure 55A) and overall REC/ras cell number (Figure 55B). As with RECs and REC/neo
cells, this enhancement in REC/ras phenotype could be maintained for at least 30 days after
treatment when cells were replated and retested in the absence of additional ligand (data not
shown). This enhancement in cell number was accompanied by increased focus formation.
REC/neo cultures treated with PAF (10 nM) exhibited the same augmentation in focus formation
(108+6.3 foci/6 cm dish) compared to vehicle-treated cultures (50.6+8.3 foci/6 cm dish) as RECs.
Higher concentrations of PAF resulted in extensive overgrowth preventing accurate quantification
of discrete colonies (data not shown). Similarly, due to the considerable overgrowth in REC/rus
cultures and limited adherence of ras-transformed cells, focus formation could not be accurately

determined.
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Unexpectedly, PAF was observed to induce cell death in REC/ras cells (Figure 56). Cells
became less adherent, exhibited morphological al;erations indicative of ACD (Figure 57), and
demonstrated DNA ladders characteristic of an apoptotic process (data not shown). Monolayer
cell loss was first observed 3 days after treatment (Figure 56). However, cells floating in
supernatant continued to exclude trypan blue until Day 6 after treatment. This time course
corresponded to the induction of DNA ladders between Days 5-7 after treatment in cells retrieved
from the supernatant. It must be emphasised that not all cells in the PAF-treated cultures were
induced to die. By Day 10, REC/ras cells exhibited (1) a normal morphology, (2) no evidence of
additional cell loss, DNA ladders or trypan blue permeability, and (3) a resurgence cell
proliferation in low serum medium (Figure 56). In fact, when these cells were retested for growth
in low serum medium 25 days after initial PAF exposure (and in the absence of further ligand
administration), PAF-treated REC/rus cells demonstrated an enhanced ability to proliferate under
sub-optimal conditions when compared to vehicle-treated cells (Figure 58). As with REC/neo
cells, this effect was transient, ébating approximately 50 days after ligand exposure. By the third
cycle of growth in low serum assay, autonomous cell growth did not difter in PAF- and vehicle-
treated cells (datanot shown). In contrast to the effects of oncogenic rus, infection of RECs with
an active neo construct had no additional impact on PAF-mediated phenotype beyond that
observed in RECs. PAF transiently enhanced autonomous cell growth in REC/neo cells with the
same kinetics as those observed in RECs (Figure 59).

With respect to Al phenotype, PAF dose-dependently reduced the ability of REC/ras cells
to grow in soft agarose (Figure 60) while enhancing phenotypic transformation in REC/neo cells
to the same extentas in RECs (data not shown). PAF-induced growth inhibition of REC/ras cells
was not apparent immediately after treatment. No differences were observed in the number or size
of PAF- and vehicle-treated colonies by Day 10 (Figure 60 and 61). However, by Day 15,
colonies derived from PAF-treated cultures were substantially smaller than those derived from
vehicle-treated cells. Maximal effects were observed with PAF (1 uM). This reduction reached
statistical significance on Day 20. On examination of PAF-treated cultures, Al colony size
appeared unaltered from Day 10 (Figure 59). Cells were either quiescent or dead. The latter

explanation is unlikely since no differences in cloning efficiency were detected when PAE- or
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Figure 56. PAF induces cell death followed by growth enhancement in REC/ras cells grown
in fow serum medium

REC/ras cells were treated with PAF and assayed for changes in growth in low serum as described in Materials
and Methods. Data represent cell counts from a minimum of 5 plates pertreatment pertime period. Statistical
tests were performed on Day 3, 5, 10, 15, 20, and 25. Statistically significant results are as follows: Day 5
ANOVA, F=9.7, df=7,33, p<0.01; Dunnett's t test, PAF (1 uM) vs. vehicle, p<0.01; PAF (10 nM) vs. vehicle,
p<0.05. Day 10 ANOVA, F=3.1, df=7,33, p<0.05; Dunnett's t test, PAF (1 uM)vs. vehicle, p<0.05. Day 15
ANOVA, F=2.7, df=7,33, p<0.01; Dunnett’s t test, PAF (1 uM) vs. vehicle, p<0.05.
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Figure 57. PAF (1 uM) induces morphological transformation and cell loss in
REC/rascells

REC/ras cells were treated with PAF or vehicle and grown in low serum medium as described in
Materials and Methods. Representative photomicrographs are depicted. (A) Vehicle-treated, Day 3.
(B) PAF (1 uM) - treated cells, Day 3. Scale bar= 30 um.
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TIME (Days)

Figure 58. PAF enhances
long-term cell growth
enhancement in REC/ras
cells grown in low serum
medium

REC/ras cells were treated with
PAF and assayed for changes in
growth in low serum as
described in Materials and
Methods. Every 25 days cells
were trypsinized and replated at
a density of 100,000 cells per 10
cm dia. dish. Cultures were
retested for autonomous cell
growth in the absence of further
ligand exposure as described in
Materials and Methods. Data
represent cell counts from a
minimum of 5 plates per
treatment per time period.
Statistical tests were performed
on Day 25. Statistically
significant results are as
follows: PAF treatment vs.
Vehicle, See Figure 56. PAF
(retesting) vs. Vehicle
(retesting) Student’s t test,
t=5.9, df=8, p<0.01.

Figure 59. PAF elicits the
same growth
enhancement in REC/neo
cells as in RECs.

REC/neo cells weretreated with
PAF or vehicle and assayed for
growth in low serum as
described in Materials and
Methods. PAF-induced long-
term growth cell proliferation 10
days after ligand removal. Data
represent cell counts from a
minimum of 5 plates per
treatment per time period.
Statistical tests were performed
on Day 25, Statistically
significant results are as
follows: PAF treatment vs.
Vehicle, Student's t test, t=6.2,
df=8, p<0.01.
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vehicle-treated Al colonies were picked and cloned on Day 10, 15, 20, and 30 after treatment (data
not shown). Itis also important to note that Al assays are performed in the presence of complete
medium. PAF-treated monolayer cultures grown in complete medium show no evidence of
cytotoxicity and, in fact, demonstrate sustained growth enhancement (see above). Furthermore,
the reduction in Al growth rates observed following PAF exposure was transient. By Day 30,
PAF-treated cultures exhibited the same number of Al colonies (> 80 um) as vehicle-treated cells
(Figure 60). Little distinction could be made between colony size in either treatment group
suggesting that PAF-treated cells may have expanded at a faster rate that vehicle-treated colonies
between Day 20 and Day 30 (Figure 61).

These results can be interpreted within the context of the model presented in Chapter III.
Like RECs, in the presence of exogenous growth factors, PAF elicits growth enhancement in
REC/ras cells. Presumably, this phenotype is mediated by intracellular PAF production and
subsequent synthesis and release of mitogenic factors as described in Chapter III, Section 8.
However, in the absence of exogenous growth factors, PAF elicits ACD. In RECs, this effect is
dependent upon dose and duration of ligand exposure. In ras-transformed cells, PAF-induced
ACD shows the same dose-response relationship as RECs but requires only transient PAF
stimulation. This difference in cell signalling could be related to changes in PAFR. While
REC/ras cells have been shown by RT-PCR to express PAFR (Chapter V, Section 2), relative
levels of mRNA expression compared to normal cells and/or functional characterization of the
receptor have not yet been determined. It should be noted that expression of oncogenic ras has
been shown to upregulate expression of other extracellularreceptors (2,17). Cells expressing
higher levels of PAFR would likely be more sensitive to the ligand. In addition, ras has been
shown to increase spontaneous mutation rates in murine cells (11). Cells expressing mutated
forms of the PAFR (in which the cytoplasmic domain of the protein is absent) do not undergo
receptor desensitization thus resulting in sustained cell signalling (35). Either phenotype could
explain the increased sensitivity of REC/ras cells to PAF-elicited ACD. These hypothesis are,
however, only speculative. Given that PAFR is a G protein linked receptor, it is equally plausible
that p21™ plays some role in the intracellular transduction of the PAF-induced ACD signal

(Chapter III, Section 2). PAF has been shown to share a variety of second messengers



Colonies

-166-

600 Day 10 7] Day 15

o)

o

o
|

Colonies
(0)]
o
o
i

400-{ |
200 -] &
oL
0 000101 1 10 100 1000 0 0.001 0.1 1 10 100 1000
PAF (nM) PAF (nM)
2500 3000
- Day 20 500.] - Day 30
2000~ { 250 i
1R 2000 | {8
1500 B8 8 18
{ B S 1500 -{
o o - IR
1000 & o
1B © 4000 -
500 500 -|
0 0.001 01 1 10 100 1000 0 0.001 0.1 1 10 100 1000
PAF (nM) PAF (nM)

Figure 60. PAF transiently slows REC/ras Al growth

REC/ras celis were treated with PAF for 1 hr and assayed for changes in Al growth as described in
Materials and Methods. Data represent the number of Al colonies (> 80 umjper 100, 000 cells plated at
Day 10, 15, 20, and 30 after treatment. Statistically significant comparisons are as follows: Day 20
ANOVA | F= 4.8, di=7,33, p<0.05; PAF (10 nM) vs. vehicle Dunnett's 1, p<0.05; PAF (100 nM) vs.
vehicle Dunnett’s t, p<0.05; PAF (1 pM) vs. vehicle Dunnett's t, p<0.05.
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Figure 61. PAF inhibits REC/ras Al growth

REC/ras cells were treated with PAF (1 1iM) or vehicle and assayed for changes in Al growth as
described in Materials and Methods. (A), Vehicle-treated cells, Day 10. (B), PAF-treated cells, Day
10. (C), Vehicle-treated cells, Day 20. (D), PAF--treated cells, Day 20. (E), Vehicle-treated cells,
Day 30. (F), PAF-treated cells, Day 30. Representative photomicrographs are depicted. Scale
bar=50 pm.
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downstream of the ras signal transduction pathway such as MAP kinase kinase and MAP kinase
(13,19,31,39) suggesting some convergence in cell signalling mechanisms. Constitutive
activation of a common pathway by oncogenic rus could conceivably sensitize transformed cells to
undergo PAF-induced ACD upon transient exposure. This supposition has precedents. For
example, ras-transformed cells are more sensitive to TNFa-mediated cell killing than normal cells
(16).

However, ras may only play a role in PAF-induced ACD. Both RECs and REC/ras cells
exhibit growth enhancement first observed approximately 10-15 days after ligand stimulation.
These data suggest that REC/ras cells are capable of elaborating the putative mitogenic factors
described in Chapter 111, Section 6. These results also begin to hint at separate signal transduction

pathways mediating cell growth and cell death in response to PAF.
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6. Signal Transduction Events Underlying PAF-Mediated Alterations
in REC/ras AI Phenotype

Abstract

Brief exposure to PAF was found to transicntly decrease and subsequently increase Al growth of REC/rus
cells. Enhancement of Al phenotype has been shown in normal RECs (o depend upon PAFR and
phosphorylation of proteins on tyrosine residues but not on PKC activity or cyclooxygenase metabolites of
AA. To determine whether these same signalling intermediarics modulate PAF's cffectson ms-transformed
cells, REC/ras cells were treated with the ligand in the presence of either a PAF receptor antagonist
(CV3988, 10 uM), a tyrosine kinase inhibitor (genestein, 1 pg/ml), a PKC inhibitor (staurosporine, 50
nM), or a cyclooxygenase inhibitor (indomethacin, 200 nM). Cells were assayed for changes in Al
phenotype. Both the PAF-induced growth reduction phasc and subscquent growth enhancement phase could
be inhibited by CV3988 and genestein indicating dependence on PAFR and tyrosine Kinase activity, No
effect was observed following treatment with staurosporine or indomethacin suggesting that PAF docs not
work through PKC or cyclooxygenase metabolites of AA to alter REC/ras phenotype.

Introduction

In other experimental systems, PAF has been shown to work through specific cell surface
and intracellular receptors to induce calcium transients, arachidonic acid metabolism,
phosphoinositide turnover, protein kinase activity, and proto-oncogene expression (Chapter 11,
Section 5). Giventhe data presented in Chapters Il and V demonstrating that PAF is capable of
altering cell growth and cell death kinetics in RECs, HFs, and REC/rus cells and recent reports that
systemic PAF levels are elevated in a preneoplastic inflammatory disorder, Crohn's disease
(12,33), as well as in in prostatic carcinoma, leukemia, nasopharyngeal carcinoma, histiocytic
lymphoma, and metastatic melanoma (15), an attempt was made to identify candidate signal

transduction intermediates underlying PAF’s potential contribution to these malignant disorders,

Materials and Methods
Treatment conditions and transformation assays

REC/ras and REC/neo cells were treated as described above (Chapter V, Section 3) with
the exception that cultures were also exposed to either vehicle or PAF (1 uM) in combination with
CV3988 (10 uM), indomethacin (200 nM), staurosporine (50 nM), or genestein (1 pg/ml).

Where treatment with two compounds is indicated, the antagonist or inhibitor was added 15 min
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prior to co-incubation and treatment continued for | hr following PAF or vehicle administration as
described Chapter 11, Section 4. Cultures were then washed and incubated for 24 hr in
DMEM+10% FCS before being assayed for Al growth as described in Chapter 111, Section 3.

Statistical analyses were performed as described in Chapter 11, Section 2.

Results and Discussion

In Chapter III, Section3 and 4, PAF was shown to induce phosphorylation of proteins on
tyrosine residues and to activate PKC. The former signalling mechanism was demonstrated by the
use of specific inhibitors to mediate PAF-induced Al phenotype in RECs while PKC or
cyclooxygenase metabolites of AA had no effect on Al growth (Chapter III, Section 4). In
Chapter III, Section 8, indirect evidence Wwas presented suggesting that stimulation of extracellular
PAFR induces increases in_intracellular PAF levels and subsequently triggers the synthesis and
release of putative mitogenic factors. It is hypothesized that, in the presence of excess intracellular
PAF, autocrine stimulation of RECs with these growth factors apparently sets up a feedback
mechanism whereby the release of mitogenic factors is sustained. In Chapter III, Section 2,
prolonged exposure to PAF elicited ACD. Finally, in the preceding section, constitutive activation
of p21™ was shown to render cells more sensitive to the negative growth regulatory effects of

PAF.

Effect of PAF and inhibitor treatment on REC/ras phenotype

REC/ras cells exhibit transient Al growth attenuation when treated with PAF followed by
sustained enhancement of the tas-transformed Al phenotype. To determine whether PAFR,
tyrosine kinase activity, PKC, and/or cyclooxygenase metabolites influence PAF-induced
alterations in REC/rus phenotype, REC/ras and REC/neo cells were coincubated with PAF and
either CV3988, staurosporine, genestein, or indomethacin. and assayed for Al growth.

As indicated in Figure 62, CV3988 (10 UM) and genestein (1 ug/ml) inhibited PAF-
induced attenuation of Al phenotype. These agents also blocked subsequent PAF-induced growth

enhancement (data not shown). Staurosporine (50 nM) and indomethacin (200 nM) had no effect
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Figure 62. PAF-induced reduction of REC/ras Al growth on Day 20 is inhibited by a PAFR
antagonist and a tyrosine kinase inhibitor but not a PKC inhibitor or a cyclooxygenase
inhibitor

REC/rascells were treated with either vehicle or PAF (1 uM) and one of the following compounds as described in
Materials and Methods: CV3988 (10 pM), indomethacin (200 nM), staurosporine (50 nM), or genestein (1 pg/ml).
Celis were assayed for changes in Al growth. Data represent the number of Al colonies (>80 um)at Day 20 per
100,000 cells plated. Statistically significant comparisons are as follows: PAF 10 nMANOVA, F=4.5, di=5,23,
p<0.05; PAF vs. PAF+CV3988 Dunnett's t, p<0.05; PAF vs. PAF+ Genestein Dunnett's ¢, p<0.05. PAF1uM
ANOVA, F=4.7, df=5,23, p<0.05; PAFvs. PAF+CV3988 Dunnett's t, p<0.05; PAFvs. PAF+ Genestein Dunnett's
t, p<0.05.
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on PAF-induced Al growth attenuation or subsequent growth enhancement. The response of
PAF-treated REC/neo cells to the various antagonists and inhibitors was identical to that described
for RECs (data not shown). These results indicate that PAFR activation and phosphorylation of
proteins on tyrosine residues are early events in PAF-mediated signal transduction pathways
required for subsequent activation of both cell proliferative signalling and negative growth

regulation.
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7. Overview

The results presented in this chapter provide in vitro evidence in support of the hypothesis
that tumour cell phenotype is affected by PAF. In fact, PAF appears to play a dual role in
tumourigenesis, first eliciting ACD immediately after ligand exposure then stimulating transient
growth enhancement in surviving cells in the presence of oncogenic c-Ha-rus. It is unknown how
these effects may be influenced by the cyclic exposure to ligand presumed to be characteristic of an
inflammatory response. Whether successive PAF treatments preferentially influence the rate of
cell death or rate of cell growth in srus-transformed cells could have important clinical implications
in the management of inflammation associated with solid tumours. These dataalso provide insight
into the underlying mechanisms mediating PAF signal transduction in non-inflammatory cells. (1)
PAF receptor activation and induction of tyrosine activity apparently represent early events in
PAF-mediated cell signalling. (2) Growth enhancement appears to depend upon an increase in

intracellular PAF that promote the synthesis and release of mitogenic factors. (3) PAF-induced

cell deathis modulated by p21"™ and/or some downstream signalling event common to both PAF
and ras signal transduction. (4) Finally, activation of the cell death pathway can be modulated by
the availability of exogenous growth factors. These observations suggest that different signalling
mechanisms can be elicited by the same ligand depending upon endogenous environmental

conditions.
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1. Introduction

Traditionally, the CNS has been considered to be immunologically privileged in that it is
isolated from interaction with circulating inflammatory cells and immune molecules by the blood-
brain barrier. Recent ground-breaking research has revised this dogma (for a review see Chapter
II, Section 4 and ref. (28)). The brain is now recognized to be immunologically privileged in a
positive sense in that it can mount its own immune and inflammatory response to injury without
recourse to PNS involvement. Characterization of the inflammatory response in diseased brain
suggests that chronic inflammation may play a role in the pathogenesis of Alzheimer’s Disease and
other related progressive neurodegenerative disorders (Chapter II, Section 4 and ref. (28,40,60)).
As with the metastatic process, attention must be drawn to the correspondence between the
progressive neurodegeneration and the ‘inflammatory phenotype’ (ie. sustained proliferation of
activated phagocytes, irregularities in inflammatory cell and non-inflammatory cell morphology,
increased synthesis of immunologicaland proinflammatory agents, and accelerated neuronal cell
death).

What role do agents released in and around a site of cerebral inflammation play in
exacerbating chronic brain lesions? PAF has already been shown to exacerbate meningeal
inflammation (66) and enhance excitatory synaptic transmission in the mammalian hippocampal
formation leading to neuronal cell loss in experimental models of epileptic seizure,
ischemia/reperfusion injury, and retinopathy (10,18,53). Furthermore, overexpression of one of
three genes encoding for the heterotrimer PAF-acetylhydrolase results in Miiller-Dieker
lissencephaly - a developmental disorder resulting in structural brain abnormalities and aberrant
neuronal migration (26). In vitro experiments indicate that PAF is capable of inducing neuronal
signal transduction through PAFR activation, calcium transients, phosphoinositide turnover, and
immediate-early gene expression in NG 108-15 neuro-glioma hybrid cells, PC12 cells, and rat
brain slices suggesting an in vivo role for PAF in the brain and spinal cord (6,8,31,36,59,68).

To determine whether PAF could be involved in chronic neuropathology, alterations in

PAFR with respect to ACD-related gene expression were investigated in an in vivo model of
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neuropathology. The kainic acid model of myoclonic epilepsy was chosen because acute induction
of severe epileptiform seizures induces many long-term pathologies (ie. neuronal loss, reactive
gliosis, and deposition of non-degradable glycoproteins) common to a wide variety of
neurodegenerative disorders.

These studies were carried out under the supervision of Dr. D.C.S. Roberts, Department

of Life Sciences, Carleton University.
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2. Relevance of the Kainic Acid Model of Myoclonic Epilepsy to the

Study of Chronic Neurodegeneration

Abstract

The presence of PAS* depositsin the CNS have been used clinically to stage the degree of neuropathology
associated with a wide variety of necurodegenerative disorders including Alzheimer's Discase, Presenile
Dementia, Parkinson's Discasc, Diabetes Mellitus. Myoclonic Epilepsy, ALS. and Cerebral Palsy. The
etiology of these plaquesand their refationship to inflammatory mechanisms is underinvestigation. In the
present study, the kainic acid model of limbic status cpilepticus provides an useful system for the study of
endogenous CNS responses to both acute and progressive injury.  The relationship between PAS*
depcsition, induction of fos-like immunorcactivity (FLI), ncuronal loss. reactive gliosis, and blood-brain
barrier breakdown following the kainic acid induction of status cpilepticus was investigated.  Epileptiform
activity was elicited in rats by intraperitoncal (IP) administration of 10 mg/kg kainic acid and brain
sections were examined 3, 5, 12, 24, 72, and 168 hr after drug injection. Four distinct typcs of PAS*
staining in rat brain were observed: Type 1-extracellular matrix (ECM) or  blood vessel associated-
material, Type 2-granular deposits, Type 3-glial labelling, and Type 4-ncuronal labelling.  Results
demonstrated that the four types of PAS* clements were differentially associated with specific markers of
neuropathology: (1) Type 1-ECM staining and Type 3-glia were preferentially localized 1o edematous
tissue; (2) Hacmorrhaging vasculature were identificd by Type 1 staining; (3) the majority of Type 3-glia
were identified as reactive astrocytes while a minority of were morphologically characteristic of proliferating
microglia; (4) early deposition of Type 2-granules was predictive of subsequent cell Loss; (5) chronic
Type 2-granulardeposits and Type 4-ncuronal labelling not associated with cell death could be predicted
by carly changes in FLI; and (6) chronic deposition of all four forms of PAS* material was correlated with
earlier, transient blood-brain barrier compromise. The results provide new insight into the ctiology of
PAS* glycoproteins found at the centre of many ncurodegenerative plaques in discased human brain and
demonstrate that the kainic acid model of myoclonic epilepsy is a system appropriate for the study of
proinflammatory agents and neurodegencerative disorders.

Introduction

The periodic acid-Schiff (PAS) reaction is used clinically to assist in identification of
lesions characteristic to Alzheimer's Disease (21,30,37,42), Presenile Dementia (30,37,61),
Parkinson's Disease (7,21), Diabetes Mellitus (52), Myoclonic Epilepsy (7), and Cerebral Palsy
(17). However, the chemical identity, etiology, and relative importance of these deposits to
pathological mechanisms are unknown. The PAS reaction stains a variety of carbohydrate-
containing components of both cells and ECM, including glycogen, glycoproteins, glycolipids,
sphingolipids, and some proteoglycans (12). Dimedone (5,5-dimethyl- ,3-cyclo-hexanedione) is
used to improve the selectivity of the PAS reaction by blocking sugars that undergo minimal

oxidation during periodate treatment. This selection effectively reduces the amount of PAS*
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material in oxidized tissue accentuating the reactivity of highly polymerized carbohydrates. PAS-
dimedone (PAS-D)-positive material includes glycogen, sialated glycoproteins, and sialated
glycolipids. Under such selective conditions, pathological PAS-D* material is noted in the CNS
of senescence-accelerated mice (1), aged cats (63) and dogs (62), and in rodent brain following
irradiation (67) or stab-wounding (25).

The kainic acid model of status epilepticus can be used to induce progressive
neurodegeneration in limbic and other closely related brain regions. Cell death occurs as a
consequence of sustained neuronal excitation, edema, inflammation, reactive gliosis, and blood-
brain barrier breakdown (4,5,16,34,35,43,46,58,64). These pathologies are also seen in clinical
disorders. Focal sites of inflammation, activation of reactive astrocytes, and disruption of the
blood-brain barrier are common features of a variety of neurodegenerative disorders (Table 2,
Chapter II, Section 4). In the present experiments, the relationship between specific types of
PAS-D staining and induction of fos-like immunoreactivity (FLI), neuronal loss, reactive gliosis,
and blood-brain barrier breakdown was investigated in an attempt to describe an animal model of
neuropathology suitable for the study of proinflammatory agents in chronic neurodegenerative

conditions.

Materials and Methods
Induction of epileptiform seizures

Epileptiform seizures were induced in 41 male Wistarrats (Charles River, Que), weighing
250-300 g. Subjects received intraperitoneal injections of either 10 mg/kg kainic acid (Sigma,
MO) (n=35) or physiological saline vehicle | ml/kg (n=6). Rats were monitored for ten hr
following drug injection and their behaviour was rated according to previously published criteria
(41): 0 = normal activity, | = increased frequency of ‘freezing’ and ‘wet-dog shakes’, 2 = weak
clonic convulsions with rearing, 3 = increasingly severe convulsions with loss of postural control,
4 = generalized limbic seizures, and 5 = severe limbic seizures with respiratory difficulty. Three
animals were implanted with electrodes and induction of epileptiform activity confirmed
electrographically. Manipulations were carried out according to the strict ethical guidelines for

animal experimentation established by the Canadian Council on Animal Care. Subjects reaching
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stage 4 were anesthetized with sodium pentobarbital at 3, 5, 12, 24, 72, or 168 hr after treatment
(n=5/time point) and were perfused with 60 ml of sodium phosphate buffered saline (PBS: 10
mM, pH 7.2), followed by 120 ml of a modified Zamboni fixative (4% paraformaldehyde, 0.2%
picric acid in 0.16 M phosphate buffer, pH 6.9). Brains were removed and postfixed for 4 hr in
the same fixative at 4°C and transferred to 10% sucrose in 10 mM PBS for 24 hr. Coronal
sections, 15 um in thickness, were cut on a cryostat and thaw-mounted on gelatin-coated

microscope slides.

Morphological Studies

Sections were routinely stained using either cresyl violet or hematoxylin eosin to assess
morphological degeneration associated with seizure activity. Edematous tissue was identified as
areas exhibiting macroscopic swelling of perineuronal and perivascular astroglia accompanied by
neuropil vacuolization and herniation (34). Swollen processes were confirmed as astroglial by

Nissl staining sections immunoreacted with anti-GFAP as described below.

PAS-D staining

Sections were briefly hydrated and reacted at room temperature for 20 min in 0.5%
periodic acid in distilled H20, dehydrated through progressively higher concentrations of ethanol,
incubated for | hr at 60°C in 5% dimedone in 100% ethanol, rehydrated through a descending
series of ethanols, reacted for 20 min at room temperature in Schiff's reagent (14 mM
parasanoline, 42.4 mM sodium bisulfitein 1 N HCI), and developed for 10 min in distilled HZO'
Chemicals were purchased from Sigma (MO). Densitometry using a Zeiss scanning microscope
attached to a Macintosh LC475 was performed on representative sections to determine the intensity

of the reaction.

FLI and GFAP immunoreactivity
Sections were incubated with either a rabbit anti-fos antibody (1:500; Medac, USA) or a
monoclonal mouse anti-GFAP antibody (1:40; Boehringer Manheim, Que) overnight at 4°C.

Primary and secondary antibodies were diluted in 10 mM PBS (pH 7.2) containing 0.3% Triton
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X-100. FLI was visualized by immunoperoxidase staining. Sections were washed repeatedly in
PBS, incubated with biotinylated goat anti-rabbit antibodies (1:100; Amersham, Ont), washed
repeatedly in PBS, and incubated with streptavidin-horseradish peroxidase (1:100; Amersham,
Ont) in PBS. Secondary and tertiary reactions were carried out at room temperature for 1 hr.
Immunoreactivity was developed by incubation in a 0.02% solution of 3,3"-diaminobenzidine
tetrahydrochloride (Sigma, MO) in 50 mM Tris buffer (pH 7.4) followed by addition of H202 toa
final concentration of 0.005%. GFAP immunoreactivity was assessed by immunotluorescence.
Following incubation with anti-GFAP, sections were washed with PBS as above and reacted for
30 min at 37°C with FITC-labelled rabbit anti-mouse antibodies (1:20; Amersham, Ont) in
PBS/Triton. Sections were mounted under glass coverslips in glycerol containing 0.1% p-
phenylenediamine. To assess specificity, adjacent sections were processed as described above but
in the absence of primary antibody. Some sections were double-labelled with both anti-GFAP and
PAS-D or anti-GFAP and either hematoxylin eosin or cresyl violet. These sections were incubated
for I hr with anti-GFAP antisera followed by fluorescent labelled secondary antibodies as
described above. Because PAS-D staining is fluorescent under both FITC and rhodamine filters,
anti-GFAP-labelled sections were examined and photographed prior to PAS-D processing. The
short immunohistochemical incubation periods were required to preserve PAS-D reactivity and

were sufficient to identify individual reactive astrocytes.

Blood-brain barrier breakdown

Blood-brain barrier breakdown was assessed by examining the extent of rat Ig extravasation into
brain following kainic acid treatment essentially as described in (56). Sections were incubated
overnight at 4°C with a goatanti-rat Ig (1:100; Amersham, Ont) in PBS/Triton and processed for

immunoperoxidase staining as described above.

Results and Discussion
Kuainic acid-induced seizures
Intraperitoneal injection of 10 mg/kg kainic acid induced stage 4 epileptiform activity within

2-3 hr of treatment. The time-course of seizure induction has been well-characterized elsewhere
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(4,5,16,34,35,43,46,58,64). Briefly, animals exhibited stage 1 'wet-dog shakes" 15-30 min after
treatment. Stage 2 rearing and weak clonic convulsions were observed 60 min after injection.
Rats demonstrated loss of postural control and increasingly severe stage 3 convulsions within 90
min of treatment, progressing rapidly to generalized stage 4 limbic seizures 120-180 min after
excitotoxin administration except for two animals that progressed to stage 5 within 130 min of
treatment and were immediately sacrificed. No further investigation was conducted on these
subjects.  Behavioural indices of epileptiform activity continued for approximately 7 hr in the
remaining animals subsiding 12 hr after kainate injection. Epileptiform activity was confirmed
electrographically in 3 animals implanted with electrodes (data not shown). By 24 hr after
treatment, animals were exhausted, severely dehydrated, and showed signs of motoric
impairment. Subjects exhibited normal food and water intake within 48-72 hr of kainic acid
injection and demonstrated normal locomotion 96 hr after treatment. Rats receiving intraperitoneal

injections of saline showed no adverse effects.

Accumulation of PAS-D* material

The kainic acid model of epileptiform activity consistently results in a time-dependent
accumulation of pathological PAS-D* material in rat brain while animals receiving intraperitoneal
injections of saline did not exhibit any staining at any time point. (Figure 63). This accumulation
was mapped and densitometry was performed on representative sections to determine the relative
intensity of the PAS-D reaction over time. Increases are expressed as percent of background
reactivity observed in saline-treated animals and are visually displayed in the graded shading of
Figure 64. Moderate reactivity was first detected 12 hr after kainic acid treatment and was
distributed diffusely throughout the brain. By 24 hr after kainic acid administration, intense PAS-
D staining was distributed predominantly within limbic brain areas, most notably the piriform and
entorhinal cortices, amygdaloid complex, hippocampal formation, specific thalamic nuclei, layers I
and II of the neocortex, and throughout all layers of the perirhinal cortex. At72 hr after treatment,
PAS-D* material was distributed in a penumbra of approximately 50-150 um in width around

areas exhibiting neurodegeneration (see below). At 168 hr after kainic acid injection lightly
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staining PAS-D* deposits were noted in the entorhinal cortex, layers I and II of the neocortex,
around the third ventricle, and within the hippocampal formation. Four distinct types of deposits
could be resolved: Type 1-ECM- and blood vessel-associated material, Type 2-granular
deposits, Type 3-glial labelling, and Type 4-neuronal labelling (Figure 65). These deposits are
similar in morphology to those detected in the human CNS of patients suffering from a variety of
neurodegenerative disorders (Table 2, Chapter I, Section4). The time course of these deposits

and their relationship to other markers of neuropathology are described below.

Neurodegeneration and PAS-D* deposits

Two stages of nerve cell damage were observed: (1) an acute phase (3-24 hr after
treatment) characterized by the appearance of edema and the presence of hyperchromatic, pyknotic,
and fragmenting neurons and (2) a chronic phase (72- 168 hr after treatment) characterized both by
a marked improvement in acute parameters of neurodegeneration and substantial cell loss in
discrete brain regions. Identification of these stages is consistent with previous studies of
excitotoxin neurodegeneration (4,5,16,28,34,35,43,46,47,49,5l,58,64). Data are presented in
Table 11 for select midbrain structures. The first phase, 3 to 24 hr after treatment, was
Characterized by the appearance of hyperchromatic, pyknotic neurons in and around edematous
tissue. Swollen astroglial processes in areas of neuropil vacuolization were anti-GFAP
immunoreactive (described below). The degree of vacuolization within affected tissue increased
with time as did the number of focal capillary haemorrhages preferentially localized to limbic
structures. Blood vessel disruptions were assessed by extravasation of rat Ig into brain
parenchyma around Nissl- and Type 1-PAS-D delineated blood vessels (described below). By
12 hr after treatment, large cystic cavities could be seen in the piriform and entorhinal cortices and
entire cell fields within these areas were profoundly disrupted. Morphological alterations peaked
with the cessation of epileptiform activity. By 24 hr post-treatment, many neurons within affected
areas had fragmented and hyperchromatic debris was observed throughout the hippocampal
formation, thalamic nuclei, entorhinal and piriform cortices, and throughout the neocortex in the

vicinity of the rhinal fissure. The degree of neuropil vacuolization and astroglial swelling was
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Figure 63. The pattern of PAS-D staining in kainic acid-treated animals

Representative photomicrographs of coronal sections are depicted. (A), Control subject 24 hr after
saline injection. (B,C,D), Kainic acid (10 mg/kg)-treated subject 24, 72, and 168 hr after excitotoxin

administration.




Figure 64. The pattern of PAS-D staining 12, 24, 72 and 168
of kainic acid (10 mg/kg)

induced by intraperitoneal injection
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Abbreviations:

AC, anterior commissure

ACo, anterior cortical amygdaloid nucleus
AOP, anterior olfactory posterior nucleus
B, Bed nucleus

CA1-3, fields CA1-3 of Ammon's horn
CeA, central amygdaloid nucleus

Cli, caudal linear nucleus raphe

CPu, caudate/putamen

DLG, dorsal lateral geniculate

DR, dorsal raphe nucleus

EB, entopeduncular nucleus

f, fornix

HDB, nucleus of horizontal limb diaganol band
LA, lateral amygdaloid nucleus

LhB, lateral habenular nucleus

LS, lateral septal nucleus

MD, mediodorsal thalamic nucleus

MeA, medial amygdaloid nucleus

ml, medial leminiscus

MS, medial septal nucleus

PC, paracentral thalamic nucleus

Pir, piriform cortex

PO, preoptic nucleus

PRS, presubiculum

RE, reuniens thalamic nucleus

R, rostral interstitial nucleus mif

SFi, septal fimbrial nucleus

SNR, substantia nigra

SuM, Supramammillary nucleus

VMH, ventromedial hypothalamic nucleus
VPL, ventroposterolateral thalamic nucleus

Acb, nucleus accumbens

AHi, amygdaloid hippocampal area
APir, amygdaloid/pitiform transition area
BLA, basolateral amygdaloid nucleus
cc, corpus callosum

CL, centrolateral thalamic nucleus

CM centromedial thalamic nucleus

DG, dentate gyrus

DMD, dorsal medial hypothalamic nucleus
DSC, lamina dissecans entorhinal area
Eth, ethnoid thalamic nucleus

GP, globus pallidum

ic, internal capsule

LD, lateral dorsal thalamic nucleus

LP, lateral posterior thalamic nucleus
MCPO, magnocellular preoptic nucleus
ME, median eminence

MG, medial geniculate nucleus

MM, mediamammillary nucleus

PaS, parasubiculum

PF, parafascicular nucleus

Pn, pontine nucleus;

PON, posterior thalamic nucleus

PV, paraventricular thalamic nucleus
RF, rhinal fissure

SC, superior colliculus

Shi, septohippocampal nucleus

st, stria terminalis

SY, striohypothalamic nucleus

VP, ventral palflidum

VPM, ventroposteromedial thalamic nucleus
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Table 11.

Morphological changes associated with kainic acid induced seizures

Cell fragmentation ~ Cell loss
Time (hr): 35 10 24 72 168 35102472168 3 5 1024 72 168 3 5 10 24 72 168
Cortices:
Entorhinal cortex + ++ +++ e+ + + - - -+ + o+ S S s ++ +++ H et A+
Piriform cortex R i o s o 2 EEEE = = S e R ++ 4+t A A 4+
Retrosplenial cortex + ++ ++  ++ + + e . S - - - -+ + + + o+ ++ o+ -
Parictal cortex + o+ o+ + - - - - - - - - - - .. - - + + + + - -
Perirhinal cortex + ++ 4+ + + - - -+ + R . + ++ 4+ A+
Hippocampus:
CAl ++ +++ HH+ 4+ - - At + SRR T S A ++ H++ A+ 4+
CA2 R i = - - 4+ 1+ o+ S o R s ++ A+ R A+
CA3 ++ 4+t b 4 R R = S - - - 4+t 4+ ++ Attt 4 O+
Ca4d ++ ++ ++  +++ + 4+ - -+ + o+ o+ S S N + ++ +++  +H+ + o+
Dentate gyrus + + o+ ++  + - - - - - - - - - - - + + + ++ ++ A+ - -
Amygdaloid nuclei: - 4+ 4+ 4+ - - b+ S o ++ +++ A+ B
Striatum: - - - - - - - e - - - - - o - - - -3 + - -
Thalamic nuclei:
Medial dorsal S A = S S R = S S + +H+ o+ + -
Lateral dorsal - 4+ 4++ ++ + 4+ -+ o+ o+ RS + ++ 4+ .+ -
Centrolateral - -+ o+ - S - - - - - - - + o+ -
Centromedial - -+ o+ - - - -+ - - - - - - - - - + 4+ A+ + -
Ventrolateral - - % + - - R - - - - - - - + "+ A+ -
Ventromedial - -+ + - - S - - - - - - - + 4+ A+ + -
Reuniens - -+ + - - - - -+ - - - - - .. - - + =+ - -

-, 10ne; + to +-++, denotes increasing frequency/severity
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Figure 65. Four ditferent types of PAS-D positive material can be identified in rat
brain following kainic acid (10 mg/kg)-induced seizures

(A), Type 1-bloodvessel-associated staining 24 hr after drug injection. Example taken from entorhinal
cortex. (B), Type 1-ECM-associated staining of layers | and Il of the neocortex and Type 2-granular
depositions (arrows) 24 hr after drug injection. Example taken from neocortex in the vicinity of the rhinal
fissure. (C), Type 3-glial labelling 24 hr after drug injection. Example taken from entorhinal contex. (D),
Type 4-neuronal labelling 168 hr after drug injection. Example taken from dorsal striatum. Bar 40 um.
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most pronounced at this time point. The second phase of neurodegeneration, 72-168 hr after
treatment, was characterized by a reduction ‘in the degree of edema observed, morphological
recovery of many affected neurons, and cell death in discrete brain regions. By 168 hr after kainic
acid administration, lesions, consisting of small cystic cavities scattered throughout fields of large,
hypochromatic neurons, were preferentially localized to discrete regions within the hippocampal
formation, entorhinal and piriform cortices, and amygdaloid complex. Pyknotic and
hyperchromatic neurons were rarely detected. In areas that had exhibited cell fragmentation,
substantial cell loss was noted, most notably in CAl and CA3 pyramidal cells of the hippocampal
formation, throughout the piriform cortex and amygdaloid complex, and within the entorhinal
cortex immediately surrounding the piriform cortex as previously reported
(4,5,16,34,35,43,46,58,64).

The cellular distribution of PAS-D* material varied over time in parallel with the gross
morphological alterations accompanying neurodegeneration (Table 11). Type 1-staining of blood
vessels and ECM components and Type 3-positive glia first appeared towards the end of
epileptiform activity (12 hr after treatment) and were preferentially localized to edematous tissue.
The intensity of Type 1 and Type 3 staining peaked 24 hr after kainic acid administration when
cerebral edema was most pronounced and morphological alterations were the most extensive.
Staining intensity decreased with time until, by 168 hr after treatment, Type 3-glial staining could
only be observed within areas exhibiting residual edema.

While Type 1-labelling of blood vessels and ECM and Type 3-glial staining appeared to
be correlated with the presence of edema, the appearance of Type 2-granules was more indicative
of subsequent cell death. PAS-D* granular deposits were first observed 24 hr after treatment and
were preferentially localized to regions that, at later time points, invariably exhibited cell loss.
Staining disappeared prior to gross morphological evidence of necrosis until, by 168 hr after
induction of epileptiform activity, Type 2-granules were absent from necrotic brain sites and
could only be found in conjunction with Type 1-ECM material forming a penumbra around
damaged tissue.

Type 4-neuronal staining was only observed 168 hr after excitotoxin administration and

ay
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Table 12. Changes in PAS-D staining, FLI, anti-GFAP immunoreactivity,

R T T I R

immunoreactivity) associated with kainic acid induced seizures

and blood-brain barrier breakdown (accumulation of rat Ig

PAS-D FLI Anti- GFAP Anti rat-1eG
Time (hr): 35 10 24 72 168 35102472168 3 5 10 24 72 168 35 10 24 72 168
Cortices:
Entorhinal cortex - - 13 1,3 1,3 1,3 ++ - - - 4+ 4 + o+ 4+ + o+ e+
Piriform cortex = - L3 L2313 134 444 - - bt it o+ a4 +++ 4+ ++ 4 + o+ 4+ b
Retrosplenial cortex - - 13 13 1,3 1,3 + 4+ + - - - + o+ 4+ 4+ o+ - + + o+ 4+ +
Parictal cortex - - I3 1,3 1 I + + + - - - + o+ o+ ++ - - + 4+ o+ 4+ -
Perirhinal cortex - - L3 1,3123 14 +H++ + A+ - - S I T T + o+ b 44
Hippocampus:
CAl - - 13 1,123 1,3 1,34 T+ + + -+ b b b+ + o+ 4
CA2 - - L3 13 131,34 4+ - - - 1 4 + A+ A b R+ + + o+ -
CA3 - - L3 L2313 134 44+ 4 - 4+ 44+ 4+ 444 +H++ 4+ + + 4t 4+ o+
CA4 - - L3 1,3 1,31,34 ++ - - -+ 4 + e 4+ o+ + o+ -
Dentate gyrus - - 13 13 1 14 +++ + + - - + + o+ e+ + + o+ 4+ A+ 4
Amygdaloid nuclei - - L3 L23 1,3 1,34 +++ - - 4 + ++ 4+ b+ - - + o+ o+
Striatum: - - - 1 I 14 + o+ o+ o+ 4+t -+ o+ - - - + + o+ + -
Thalamic nuclei:
Medial dorsal - - 1,3 1,3 13 1 + + + 4+ - - + 4+ 4+ A+ - - + + + - -
Lateral dorsal - - 1,3 1,3 1,3 1 + + + 4+ - - +  + 4+ 4+ - - + o+ o+ - -
Centrolateral - - L3 1,3 1 1 + + + + - - + o+ - - + + + - -
Centromedial - - L3 13 1 1 + + + 4+ - - + o+t - - + + 4+ - -
Ventrolateral - - 1 1,3 1 - + + + - - - + o+ 4+ - - + + + - -
Ventromedial - - 1 L3 1 - + + + - - - + o+ o+ R+ - - + + + - -
Reuniens - - 1 1,3 1 - + 4+ + - - - + 4+ e+ - - + + + - -

1, Type 1-ECM or blood vessel associated material; 2, Type 2-

denotes increasing intensity/frequency; -, none

granular deposits; 3, Type 3-glial labelling; 4, Type

4-neuronal labelling; + to ++++
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was almost exclusively localized to regions of substantial cell loss except for specific staining of

striatal neurons in association with Type 1-staining of ECM.

FLI and PAS-D* deposits

Unexpectedly, early induction of the fos family of proto-oncogenes was found to be highly
predictive not only of subsequent cell death but also of Type 2-granular deposits and Type 4-
neuronal labelling. As indicated in Chapter IV, Section 4, fos genes are members of the early
response gene family that encodes for transcription factors. During epileptiform seizures and other
disorders, their gene products are believed to couple neuronal excitation to changes in target gene
expression (11,15,19,22,23,27,32,33,51). Early and long-lasting induction of the fos protein
(1-5 hr after seizure induction) can be used to determine the degree and extent of prolonged
neuronal excitation and, hence, identify neuronal populations most likely to exhibit subsequent cell
loss. Renewed expression of c-fos mRNA has been demonstrated in apoptotic cell populations
72-168 hr after kainate administration (57). The results of the present study are in accordance with
these observations. Epileptiform activity elicited neuronal expression of the fos family of proto-
oncogenes (Table-12). Control subjects did not exhibit significant immunoreactivity (Figure
63A,B). FLI was observed early in the first phase of neurodegeneration and was highly predictive
not only of cell loss but also of later Type 1-ECM, Type 2-granular, and Type 4-neuronal
PAS-D staining. Of particular note is the temporal pattern of fos-like immunoreactivity observed
in the hippocampal formation and piriform cortex. By 3 hr after treatment, FLI was seen in
neurons of the pyramidal cell layers of the hippocampal formation and within the dentate gyrus.
Neurons in the piriform cortex also demonstrated intense labelling (Figure 63C-D). These areas
corresponded to sites of Type 4-neuronal labelling observed 168 hr after treatment. By 5 hr after
drug injection, FLI was absent from both the CA4 and CA2 cell fields of the hippocampal
formation and from the piriform cortex although immunoreactive cells could still be detected in the
dentate gyrus, CAl and CA3 of the hippocampus (Figure 63E-F), the amygdaloid complex,
entorhinal cortex, layers I and II of the neocortex and throughout the cortical cell layers in the
vicinity of the rhinal fissure, around the third ventricle, surrounding select thalamic nuclei, and,

more anteriorly, along the dorsolateral border of the striatum. This distribution corresponded with
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Figure 66. C-fos-like immunoreactivity following kainic acid-induced seizures

Control subjects 3 hr after saline injection (A-B). Kainic acid (10 mg/kg)-treated animals 3 hr(C-D),5 hr
(E-F), 24 hr (G), and 168 hr (H) after drug injection. (A), (C), (E), and (G) are taken from the piriform
cortex. Panels (B), (D), (F), and (H) are taken from the hippocampal formation. Bar=80 um.
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residual Type 1-ECM PAS-D staining observed 72 hr after treatment and accurately predicted
long-lasting Type 2-granular depositions and Type 4-neuronal staining observed 168 hr after
treatment. By 24 hr after treatment, FLI expression was no longer detected in the hippocampal
formation with the exception of some weak staining in the dentate gyrus (Figure 66H). FLI was
absent from the entorhinal and piriform cortices but could be detected in the perirhinal region
throughout areas that would express intense Type 2-granular deposits 72 hr after kainate
administration. FLI reappeared 72 hr after treatment in pyramidal cells of the hippocampal
formation (but not in the dentate gyrus) and within neurons of the piriform cortex remaining
immunoreactive 168 hr post treatment (Figure 66G). These areas demonstrated considerable cell
death and chronic accumulation of Type 1-ECM and Type 4-neuronal PAS-D stainin g. Finally,
FLI could also be detected 72 hr after kainate injection in a discrete area of the dorsolateral striatum
- a region exhibiting intense Type 4-neuronal labelling 168 hr after seizure induction without
showing any signs of cell loss.

This latter finding was of considerable interest. Evidently, FLI could be used to predict
PAS-D neuropathology in addition to cell death. As indicated, FLI labelling was detected 24 hr
after treatment in the perirhinal region immediately surrounding damaged portions of the entorhinal
cortex as well as 72 hr after treatment in discrete regions of the lateral striatum - areas that do not
exhibit cell loss. This distribution accurately predicted the appearance of Type 2-granular
deposits 72 hr after kainate injection and specific populations of Type 4-labelled neurons

observed 168 hr after treatment. Therefore, FLI is indicative both of cell loss and accumulation of

PAS-D* material. FLI may be either a coincident byproduct of the breakdown in cell signalling
observed after kainic acid-induced seizures or may actually be a required component in a gene

regulation pathway mediating both neuronal death and aberrant carbohydrate accumulation.

GFAP immunoreactivity, blood -brain barrier breakdown, and PAS-D* deposits
Acute and chronic neurodegenerative changes were accompanied by two phases of reactive
gliosis and blood-brain barrier breakdown (See Table 12 and ref. (29)). In the acute phase, blood-

brain barrier breakdown, as assessed by extravasation of rat Ig molecules into brain parenchyma,
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was distributed randomly throughout the brain around haemorrhaging blood vessels (medium and
fine calibre). In sections from control brain, only vessels in the circumventricular organ such as
the arcuate nucleus and the median emminence showed permeability to blood Igs and in these loci
there was no associated PAS-D staining (Figure 67A). Within 3-5 hr of kainate administration,
rats demonstrated a large number of focal haemorrhages distributed randomly throughout the brain
(Figure 67B). By 12 hr after treatment, the distribution of Ig immunoreactivity had changed
(Figure 67C). Staining was no longer confined to damaged blood vessels but was also detected
throughout the perirhinal, piriform and entorhinal cortices in a pattern congruent with thatof Type
1-ECM and Type 3-glial PAS-D staining observed at the same time point. Blood vessels in areas
that had exhibited focal extravasation of rat Igs were Type 1-PAS-D positive. Some neurons in
the hippocampal formation, centromedial, laterodorsal and reuniens nuclei, piriform cortex, and
throughout layers I and II of the neocortex had taken up blood proteins and as such were Ig-
immunoreactive (Figure 68A). Many Ig-positive cells were surrounded by PAS-D Type 2-
granules and Type 1-ECM (Figure 68B).

Early reactive gliosis was initially confined to the vicinity of disrupted vasculature. With
time, extensive GFAP immunoreactivity could be observed throughout edemic tissue in and
around areas of blood-brain barrier breakdown. PAS-D staining was first observed towards the
end of the acute phase. Type 3-staining of glial cells could be observed throughout edematous
tissue (Figure 69A). The majority of these PAS-D positive cells were identified as GFAP-

immunoreactive astrocytes while a small subpopulation were GFAP-negative and morphologically

characteristic of microglia. The appearance of PAS-D* staining correlated with the induction of a
diffuse spread of blood proteins throughout specific limbic structures. Initially, labelling (Type
1) of the ECM could be observed throughout areas of blood-brain barrier breakdown while
specific labelling of haecmorrhaging vasculature could be detected around rat Ig-positive capillaries.
However, towards the end of the acute phase of neurodegeneration, Type 1-ECM staining
formed a penumbra around areas exhibiting serum protein accumulation while Type 2-granular
deposits were localized within Ig-reactive tissue in specific association with Ig-positive neurons.
This distribution of Type 2-granular deposits was highly predictive of subsequent neuronal death

observed in the chronic phase of neurodegeneration. In this later phase of damage. tissue was no
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Figure 67. Blood-brain barrier breakdown following kainic acid-induced seizures

Representative photomicrographs illustrate the extent of rat lg extravasation into brain parenchyma 3,
12, and 24 hr (A-C) after drug injection.
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Figure 68. Neuronal accumulation of blood-borne

Relationship between neuronal-labelling of cells with rat Ig (A

products and PAS-D* deposits

)and Type 1-ECMdepositions (B) 24 hr

after kainic acid (10 mg/kg) administration. Representative photomicrographs depict a single section
double-stained for both rat Ig immunoreactivity and PAS-D staining. Abbreviations as in Figure 64.

Scale Bar=200 pm.
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Figure 69. Reactive gliosis following kainic acid-induced seizures

Photomicrographs of anti-GFAP immunoreactive glia after kainic acid (10 mg/kg) administration. (A),
staining in the hippocampalformation 24 hr after drug injection. (B), residual labellingin the entorhinal
cortex 72 hr after excitotoxin administration. Scale bar=20 pnm,
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longer grossly edematous. RatIg immunoreactivity was minimal and confined to areas of residual
edema and Type 3-reactive gliosis (Figure 69B). Substantial cell death was noted in areas that
had exhibited Type 2-granular deposits during the acute phase of neurotoxicity and was
surrounded by a penumbra of approximately 100 um in width of Type 1-ECM material. The few
remaining cells within these regions were morphologically intact, but were hypochromatic. Many

of these neurons were Type 4-PAS-D positive.

Relevancy to chronic neurodegenerative disorders

Aberrant PAS-D positive material has been detected in the brain of patients suffering from a
variety of chronic neurodegenerative disorders as well as in the brain of senescence accelerated
mice (1) and in the CNS of experimental animals following following X- and gamma-irradiation
(67) and stab wounding (25). The identity of these PAS-D* components in diseased brain is
ambiguous. The PAS-D stain is known to be specific for highly polymerized carbohydrates such
as glycogen or highly sialated glycoproteins and glycolipids (12). In the present model, Type 2-
granules and Type 4-neurons are resistantto amylase digestion (data not shown) suggesting that
this material is unlikely to be glycogen. These observations are in accordance with Akiyama et al.
(1) who demonstrated that the PAS-D* granular depositions observed in the brain of senescence-
accelerated mice were amylase resistant and histochemically uncharacteristic of glycogen
polymers. However, the present study also describes the relationship between PAS-D staining
and induction of FLI, neuronal necrosis, reactive gliosis, and blood-brain barrier breakdown in an
attemptto establish temporal correlations between the development of PAS-D deposits and several
other markers of brain damage using a well-characterized animal model of neuropathology. Four
types of aberrant PAS-D material were identified in rat brain following kainic acid induced
seizures: Type 1-ECM or blood vessel associated-material, Type 2-granular deposits, Type 3-
glial labelling, and Type 4-neuronal labelling. Results demonstrate that (1) Type 1-ECM

staining and Type 3-glia are preferentially localized to edematous tissue: (2) the majority of Type

3-gliaare reactive astrocytes while a minority of PAS-D* glia appear to be proliferating microglia;

(3) Type 1-blood vessels identify haemorrhaging vasculature; (4) the early distribution of Type
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2-granules accurately predicts subsequent cell loss; (5) chronic Type 2-granular deposits and

Type 4-neuronal labelling not associated with cell death are predicted by early changes in FLI,

and (6) chronic deposition of all four forms of PAS-D* material is confined to areas that exhibited
substantial, transient blood-brain barrier compromise. It would appear that the prolonged increase
in PAS-D staining could represent the synthesis of heavily glycosylated constituent(s) of the ECM
by both neurons and astrocytes as part of an inflammatory response elicited by blood-brain barrier

breakdown.
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3. Alterations in PAFR Gene Expression in the Hippocarhpus and
Relationship to Morphological and Genetic Markers of Cell Death

Following Kainic Acid-Induced Seizures

Abstract

PAFR mRNA was demonstrated for the first time in rat brain by in situ hybridization. Expression patterns
were mapped in the hippocampal formation. To determine whether PAFR s implicated in progressive
neurodegencration, alterations in PAFR expression were correlated with ACD, induction of clusterin
mMRNA4, reactive gliosis, and PAS-D accumulation using the kainic acid model of myoclonic cpilepsy.
Each of these ncuropathologics is common to chronic ncurodegencrative conditions,  Induction of
epileptiform activity was shown to profoundly alter the pattern of PAFR expression. At the height of the
acute phase of neurodegeneration (24 hr after kainate injection), PAFR mRNA levels were reducedin cells
throughout the hippocampal formation except for neurons in the CA2 and CA4 cells ficlds. Given that
epileptiform seizures have been shown o induce substantial PAF synthesis and release, these data are in
accordance with reports that prolonged stimulation of PAFR with ligand leads to receptor desensitization
and reduced mRNA expression (9,44,45,65). Expression of PAFR mRNA was preferentially restricted to
neurons and microglia and not to astrocytes. PAFR labelling at 24 hr was predictive of Type 1- and
Type 4-PAS-D accumulation observed 7 days after kainate induction. During the chronic phase of
neurodegencration (3-7 days after kainate administration), substantial increases in PAFR genc expression
corresponded with induction of clusterinmRNA expression and ACD. PAS-D Type 4-ncuronal labelling
was correlated with increased PAFR cxpression. Type 3-astrocytic labelling surrounded neurons
expressing enhanced levels of PAFR mRNA. These results were confirmed by RT-PCR analysis and
morphological evaluation. The possibility that PAF neurotransmission may contribute to the accelerated
cell death characteristic of progressive neurodegenerative disorders is discussed.

Introduction

To further explore the involvement of PAF in chronic neuropathology, alterations in PAFR
with respect to morphological and genetic indices of long-term degeneration were investigated
following kainic acid-induced seizures. As demonstrated in Chapter VI, Section 2, this model of
myoclonic epilepsy was chosen because acute induction of severe epileptiform seizures induces

many characteristic pathologies common to a variety of neurodegenerative disorders.

Materials and Methods
Induction of epileptiform seizures, histochemical, and immunohistochemical evaluation

Kainic acid (10 mg/kg)-induced seizures (Stage 4) were elicited in 27 male Wistar rats as
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described in Chapter VI, Section2. Rats were perfused at4, 24, 72, and 168 hr after kainic acid
administration.  Brain samples were removed and processed for histochemical and

immunohistochemical evaluation as described in Chapter VI, Section 2.

In situ hybridization, RT-PCR, and DNA ladder formation

Animals were sacrificed by decapitation and brains were plunged into cold isopentane,
flash-frozen in liquid nitrogen, cut into 10 um cryostat sections, placed in gelatin-coated slides,
and stored at -100°C. Frozen sections were fixed for 15 min in 4% paraformaldehyde/PBS
(Chapter II, Section 2) and rehydrated for 10 min in PBS containing 5 mM MgClz. Adjacent
sections were treated with RNAse (as a negative control), rinsed briefly in 2x SSC (Chapter V,
Section 2) and incubated for 1 hr at 37°C with 100 pul of RNAse A (100 pg/ml; Bohringer
Manheim, Que). During RNAse treatment, experimental sections were maintained in PBS
containing 5 mM MgClz. Experimental and negative control slides were rinsed in 70% ethanol (1
min/wash), washed three times in PBS (2 min/wash), rinsed twice in 2x SSC (5 min/wash), and
acetylated at room temperature in 16 mM triethanolamine, 0.25% acetic anhydride pH 8.0 (10
min/wash). Sections were rinsed five times in PBS containing 10 mM DTT (5 min/wash), twice
in 2x SSC containing 10 mM DTT (5 min/wash), and prehybridized for 1 hr at room temperature
in 40 pl of 50% formamide, 2x SSC, 0.4% BSA, 30 mM DTT, 20 mM vanady! ribonucleoside
complex, 10 pg/ml yeast tRNA (heat denatured) and 200 mg/ml salmon testes DNA (heat
denatured). Hybridization was performed at 44°C overnight with 40 ul of the prehybridization
solutions supplemented with 10% dextran sulfate and labelled probe. Probes were either full-
length denatured human PAFR ¢cDNA (Chapter IV, Section 2) kindly provided by Dr. N. and C.
Gerard (Harvard Medical School, Harvard) or a full length clusterin ¢cDNA (Chapter [V, Section
4) kindly provided by Dr. M. Tenniswood (Alton Jones Cell Science Centre, Lake Placid).
Probes were labelled as described in Chapter IV, Section 4. Slides were washed twice in 50%
formamide, 2x SSC, 10 mM DTT (30 min/wash) at 50°C, three times in 50% formamide, 1x
SSC, 10 mM DTT (20 min/wash) at 44 °C, and three times in 0.5x SSC, 10 mM DTT (20
min/wash) at room temperature. Sections were dehydrated in an ascending series of ethanol

washes. Slides were dipped in nuclear track photographic emulsion, exposed for 3-7 days at 4°C,
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and were processed at 15°C for 5 min in Kodak-D19 developer, 30 sec in 2% acetic acid, 5 minin
Kodak Rapid Fix, and 30 min in running watér. Photographic chemicals were from Kodak, Ont.
Sections were lightly counterstained with hematoxylin and eosin and examined under bright- and
dark-field illumination using a Zeiss Axioskop microscope.

For RT-PCR analysis, the hippocampal formation was rapidly dissected out of fresh tissue
and total RNA extracted after homogenization as described in Chapter 1V, Section2. Primer
sequences against the PAFR (Chapter 1V, Section 2), clusterin - 5’GCCCTATCATCTATC
TACCT3’ (forward) and 5’°CGGGATAGTAGATAGACT3’ (reverse) defining a 1.5 kb fragment
of rat mRNA, or GAPDH - S’CCTCTCTCTTGCTCTCAGTATS’ (forward) and
5’"GTATCCGTTGTGGATCTGACA3’ (reverse) defining a 742 kb fragment of rat mRNA kindly
provided by Dr. M. Tenniswood (Alton Jones Cell Science Centre, Lake Placid) were employed.
Analyses were as described in Chapter IV, Section 2

For DNA analysis, DNA was isolated from frozen tissue as described in Chapter III,

Section 2 with the exception that tissue blocks were homogenized prior to extraction.

Results and Discussion

PAF has been shown in vivo to mediate signal transduction in brain tissue through PAF
specific binding sites demonstrated in brain homogenates (3,38). Bazanet al have implicated PAF
production in epileptogenesis by providing evidence that synthesis of the phospholipid is enhanced
during intense synaptic activity and serves to selectively increase release of excitatory
neurotransmitters (3). Prolonged activation of glutamate receptors, as a result of epileptiform
activity, results in acute necrosis and long-term apoptotic cell death (57). In keeping with this
finding, apoptosis-associated DNA fragmentation has been observed in the hippocampal formation
following kainic acid-induced seizures (50,57). While ACDis a natural and necessary process in
CNS tissue contributing to the formation and organization of the spinal cord, sympathetic ganglia,
retina and corpus callosum (57), inappropriate cell death is characteristic of several
neuropathological conditions including the chronic neurodegenerative disorders outlined in Table
3, Chapterll, Section4. The present experiments were designed to determine whether changes in

PAFR expression correlated with increases in the rate of ACD in a kainic acid model of
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epileptiform activity.

PAFR gene expression: Relationship to neuropathology

PAFR was expressed at low levels throughout the hippocampal formation (Figure 70).
These data represent the first such documentation of PAFR in mammalian brain. RNAse treatment
of adjacent sections demonstrated that in situ hybridization for PAFR was not the result of non-
specific binding (Figure 70). PAFR message was preferentially localized to granule cells within
the dentate gyrus and pyramidal neurons within CAl, CA2, CA3 and, to a lesser extent, CA4
hippocampal fields. Interneurons throughout the stratum oriens, radiatum, and moleculaire were
PAFR positive with slightly reduced expression in cells of the molecular layer compared to cells
in oriens and radiatum (Figure 70). Comparison with hemotoxylin and eosin stained-sections
under bright-field microscopy indicated that PAFR expression was predominantly neuronal in
origin (Figure 71A). |

Induction of epileptiform activity profoundly altered the pattern of PAFR expression.
During the acute phase of neurodegeneration, 24 hr following kainic acid-induced seizures, PAFR
expression was reduced in interneurons in the stratum oriens, radiatum, and moleculaire compared
to untreated animals with two notable exceptions (Figure 70). These data are in accordance with
reports that prolonged stimulation with PAF leads to receptor desensitization (9,44,45,65) and
reduced mRNA expression (9). Mild increases in labelling were observed in and around CA2 and
CA4 pyramidal neurons as well as within granule cells of the dentate gyrus proximal to CA4
(Figure 70). However, this latter increase in expression corresponded to an overall decrease in
PAFR-labelling throughout the rest of the dentate gyrus. On bright-field examination, both
neurons and glial cells (morphologically indicative of microglia) were labelled with silver grains
(Figure 71B). Staining of adjacentsections with PAS-D indicated that some Type 3-microglia
were probably PAFR*. Double-labelling of sections processed for in situ hybridization with anti-
GFAP demonstrated that PAFR reactivity could not be attributed to astrocytic expression despite
the large numbers of proliferating astrocytes within the confines of the hippocampal formation

(Figure 71C). It was of particular interest to note that those areas expressing PAFR were destined
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Figure 70. Pattern of PAFR expression in control and kainic acid (10 mg/ml)-
treated subjects.

Representative photomicrographs of in situ hybridization for PAFR in rat brain hippocampus. Coronal
sections (10 um) were prepared as described in Materials and Methods. (A), RNAse-treated control
section. (B), Control. (C), 24 hr after kainic acid treatment. (D), 168 hr after kainic acid treatment. (A)
and (B) are adjacent sections. Control animals in this figure were drug-naive subjects. The pattern of
PAFR expression in these animals did not differ fromthat observed in saline-treated subjects (data not
shown).
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Figure 71. Cellular localization of PAFR expression

Representative photomicrographs of hematoxylin and eosin staining and in situ hybridization for PAFR
in rat brain hippocampus. (A), control neurons expressing PAFR (CA1). (B), neurons and microglia
(arrow) expressing PAFR 24 hr after kainate administration. Double-labelling with anti-GFAP revealed
that reactive astrocytes did not express PAFR (data not shown). Scale bar=50 um.
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to exhibit the least amount of cell loss (see Chapter VI, Section 2). However, subsequent
examination of sections stained for cresyl violet and PAS-D strongly suggested that PAFR
labelling at 24 hr was predictive of other chronic neuropathologies including aberrant process
elaboration and Type 1- and Type 4-PAS-D accumulation observed 7 days after kainate
induction (Figure 72AB).

Substantial increases in PAF-R mRNA localized in situ were observed 7 days after
treatment (Figure 70D). PAFR labelling was evident in vast majority of neurons within CA1 and
CA4 of the hippocampal formation, interneurons in the molecular layer of the dentate gyrus, and,
to a lesser extent, in granule cells of the dentate gyrus and pyramidal neurons of the CA2and CA3
hippocampal cell fields. Remarkably, PAFR was strikingly absent from cells in the molecular
layer of the hippocampal formation - the only area in the hippocampal formation stil] grossly
edemic and undergoing significant reactive gliosis (Figure 7ID). No evidence of glial PAFR
expression could be detected either morphologically or in conjunction with anti-GFAP
immunoreactivity. The majority of PAF-R expression coincided with chronic PAS-D lesions.
However, Type 1- and Type 4-PAS-D staining were more restricted to the CA cell fields of the
hippocampus and was not observed within the stratum oriens or radiatum to the same extent as
PAFR expression. PAS-D deposition did exhibit similar specificity for CAl and CA4 pyramidal
cells as did increases in PAFR labelling. No positive correlation was found between Type 3-glial
labelling 7 days after treatment and localization of PAFR mRNA. In fact, the molecular cell layer,
virtually devoid of PAFR expression, was shown to be site of substantial residual reactive gliosis
and Type 1 and Type 3 PAS-D staining, strongly indicating that activated astrocytes do not
express PAFR.

Temporal changes in PAFR expression were confirmed by semi-quantitative RT-PCR of
total RNA isolated from whole hippocampi 0, 4, 24, 72, and 168 hr after treatment (Figure 73). A
reduction in PAFR mRNA could be observed 24 hr after kainate administration followed by an
increase in signal intensity 72-168 hr after seizure induction, No signal was obtained when
reactions were carried in the absence of RT indicating that alterations in PCR product intensities
were not the result of DNA contamination (data not shown). Furthermore, GAPDH signal

intensity was not altered across conditions indicating that equal amounts of mRNA were added to
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Figure 72. Relationship of seizure-induced changes in PAFR expression to PAS-D
pathology

Representative photomicrographs of adjacent sections stained with cresyl violet and PAS-D or
processed for in situ labelling of PAFR and hematoxylin and eosin counterstaining in rat brain
hippocampus. (A), PAFR labelling of neurons in CA2 24 hr after kainate administration. (B) PAS-D
accumulation and elaboration of aberrant processes (arrow) in neurons and microglia in the same region
as (A) 7 days after treatment. Scale bar=50 um.
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Time (hrs)
0 4 24 72 168

PAFR 537 bp -

GAPDH 742 bp -

Figure 73. RT-PCR for PAFR in rat hippocampus
following kainic acid (10 mg/kg) induced seizures

RT-PCR was performed on total RNAisolated from rat hippocampus
0, 4, 24, 72, and 168 hr after kainate injection as described in
Materials and Methods.
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each reaction.

Induction of ACD and clusterin gene expression: Relationship to PAFR expression

Epileptiform seizures elicit ACD in CA1 and CA3 pyramidal neurons of the hippocampal
formation 72-168 hr after seizure initiation (50,57). Induction is preceded by long-lasting
expression of the fos gene (50). The apoptotic process is most noticeable in CA3 neurons given
that CAl neurons have been depleted by necrotic changes during the acute phase of
neurodegeneration. Similar results were observed in the present experiments.  Nucleosome
ladder formation was observed in DNA extracts 72 and 168 hr after seizure induction (data not
shown). This time course paralleled the reappearance of FLI in CAl and CA3 fields of the
hippocampal formation (Figure 74 and Chapter VI, Section 2). In addition, neurons of CA 1 and
CA3 were the only cells to exhibit enhanced [g immunoreactivity 169 hr after treatment. This
observation suggests either that neuronally associated blood-borne material entering brain
parenchyma during seizure-induced blood-brain barrier compromise had not been cleared or that
the blood-brain barrier around regional capillaries was still damaged.

Expression of clusterin is upregulated during ACD presumably as a protective mechanism
inhibiting complement-mediated lysis (24,48). Clusterin was originally identified in CNS as the
sulfated glycoprotein-2 gene (SGP-2) whose expression was shown to be preferentially located in
around Alzheimer’s lesions (39). Subsequently, human gliomas and epileptic foci have been
demonstrated to exhibit high levels of clusterin mRNA (13). In experimental models of brain
damage, seizure activity has been shown to induce clusterin expression (48) in and around tissue
undergoing ACD (14). In the present experiments, the temporal expression of clusterin was
contrasted to PAFR expression in adjacent sections. Clusterin mRNA was shown to be expressed
by untreated animals throughout the hippocampal formation (Figure 75A,B). The specificity of
this response was confirmed by RNAse treatment of adjacent sections. Within the acute phase of
neurodegeneration, clusterin expression was selectively upregulated in pyramidal cells of the CA2
and CA4 cell fields of the hippocampal formation and interneurons of the stratum radiatum (Figure
75C).  This pattern corresponded with localization of PAFR expression. Within the chronic

phase of neurodegeneration, substantial increase in clusterin mRNA levels were demonstrated in



Figure 74. FLI and blood-brain barrier breakdown in rat hippocampus 168 h
following kainic acid (10 mg/kg)-induced seizures

Immunohistochemistry using an anti-fos antibody was performed on coronal rat brain sections 168 hr
after kainate injection as described in Materials and Methods. Select enhancement was observed in
CA1 and CA3 pyramidal neurons in the hippocampal formation. Datafor CA3is presented (A), Control
(fos immunoreactivity). (B), 168 hr after kainate treatment (fos immunoreactivity). (C), neuronal
accumulation of Igs 168 hr after kainate treatment. Scale bar=50 um.
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and around CAl and CA4 neurons, within interneurons surrounding CA3, and within granule
cells of the dentate gyrus, particularly those proximal to CA4 (Figure 75D). Again, this
distribution exactly corresponded to the pattern of PAFR expression observed at the same time
points. However, examination of counter-stained sections indicated that, unlike PAFR,
expression, increases in clusterin mRNA were exclusively confined to neurons. No clusterin
expressing microglia could be detected (data not shown).

These data permit speculation into the nature of the correspondence between PAFR and the
observed neuropathology. PAF has been shown to elicitincreases in the rate of cell death both
directly (Chapter III and 5 and ref. (20)) in non-neuronal cells and indirectly by modulating
excitatory amino acid transmission in neuronal cultures (3), suggesting that PAF may play a role in
the accelerated cell death characteristic of chronic neurodegeneration. The increased PAFR
expression observed in regions undergoing apoptosis provides circumstantial evidence to support
this hypothesis. In addition, PAF may also influence immune recognition of apoptotic cells by
inducing clusterin expression and thus circumventing complement mediated lysis of dying neurons
by activated phagocytes (Chapter II, Section 4). Whether these putative effects contribute to
chronic neurodegenerative disorders remains to be determined. Certainly, enhanced PAFR
expression is associated with Type 1 and Type 4 PAS-D deposits characteristic of both
epileptigenic lesions and senile dementias. This evidence suggests that PAF plays some role in the
endogenous CNS inflammatory response to brain injury and may be associated with many of the
aberrant processes seen in progressive neurodegenerative lesions including accelerated cell death,
altered gene expression, and deposition of senile plaque materials. Further evaluationis required

to elucidate the alleged contribution of PAF to chronic neurodegenerative disorders.
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Figure 75. Pattern of clusterin expression in control and kainic acid (10 mg/ml)-
treated subjects.

Representative photomicrographs of in situ hybridization for clusterin in rat brain hippocampus.
Coronal sections (10 pm) were prepared as described in Materials and Methods. (A), RNAse-treated
control section. (B), Control. (C), 24 hr after kainic acid treatment, (D), 168 hr after kainic acid
treatment. (A)and (B) are adjacent sections. Control animals depicted were drug-naive subjects. The
pattern of clusterin expression in these animals did not differ from that observed in saline-treated
subjects (data not shown).
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4. Overview

The data presented in ‘Neurodegeneration’ indicate that PAF may play a role in progressive
neurodegenerative disorders. Although descriptive in nature, these studies demonstrate that the
kainic acid model of myoclonic epilepsy can be used to investigate the relationship between PAF
and accelerated cell death, reactive gliosis, blood-brain barrier breakdown, increased clusterin gene
expression, and/or PAS-D deposition in senile plaques (see Chapter 11, Section 4, Table 3).

The data indicate that temporal changes in PAFR expression following kainic acid-induced
epileptiform seizures correspond to both the acute and chronic phases of neurodegeneration.
Reductions in PAFR mRNA levels, presumably the result of prolonged receptor activation, were
observed at the peak of the acute phase and corresponded exactly with the pattern of clusterin gene
expression. These changesin PAFR mRNA localization also preceded the subsequent appearance
of long-lasting PAS-D depositions (ie. Type 1-ECM accumulation and Type 4-neuronal
labelling) during the chronic phase of neurodegeneration. PAFR expression was substantially
increased during this later phase of neuropathology. The pattern of gene expression corresponded
to induction of ACD in PAFR-expressing tissue, the appearance of chronic PAS-D Type 1 and
Type 4 deposits, and significantly enhanced clusterin expression. Once again, clusterin mRNA
was localized to identical brain regions as PAFR mRNA. At each time point, PAFR expression
was demonstrated in neurons and some microglia but not astrocytes. These data raise the
interesting possibility that stimulation of PAFR selectively mobilized neurons and microglia during
the CNS immune/inflammatory response but does not activate astrocytes. Given the data
presented in preceding chapters, it is tempting to speculate that PAF directly influences ACD and
clusterin expression and contributes to the etiology of PAS-D lesions during epileptiform-induced
neurodegeneration. This hypothesis requires further substantiation but does raise the exciting
possibility that PAFR antagonists might be used to attenuate seizure-associated damage and/or

retard progressive neurodegeneration.
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Summary

Do endogenous pro-inflammatory agents, specifically PAF, influence tumourigenesis and
exacerbate progressive neurodegeneration? Tumours are the result of enhanced cell survival either
through increased cell proliferation and/or decreased cell death. Progressive neurodegenerative
disorders are characterized by accelerated cell death in the absence of compensatory increases in
cell number. These disorders underline the fatal consequences of disrupting the dynamic balance
between cell growth, cell differentiation, and cell death. Repeated exposure to pro-inflammatory
mediators during chronic inflammatory conditions has been associated with an increased
predisposition to malignant tumours as well as with the pathogenesis of the principal lesions
characterizing Alzheimer’s Disease and related disorders. This thesis describes a series of
investigations designed to assess the potential contribution of the pro-inflammatory agent, PAF, to
cell regulatory disorders affecting cell number. PAF’s ability to perturb the rate of cell growth
and/or the rate of cell death in non-inflammatory cells was evaluated in vitro using RECs, REC/ras
cells, and HFs and in vivo using an experimental model of myoclonic epilepsy. These systems
permitted an appraisal of PAF’s effects within both rodent and human models of malignant

transformation and chronic neurodegeneration. Four questions are discussed:

(1) Can PAF selectively mediate cell growth and cell death in non-inflammatory cells

(Chapter 3: Transformation Potential)?

(2) What signal transduction pathways are responsible for PAF’s effects in fibroblasts and

epithelial cells (Chapter 4: Signal Transduction)?

(3) Can PAF elicit additional phenotypic alterations in cells already transformed (Chapter 5:

Tumour Progression)?

(4) Is PAF implicated in the pathogenesis of chronic lesions in an in vivo model of

progressive neurodegeneration (Chapter 6: Neurodegeneration)?
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PAF’s ability to mediate cell function under normal and pathophysiological conditions has
been predominantly investigated in inflammatory cell types. Non-inflammatory cell responses to
the ligand have only begun to be identified. Figure 77 summarizes the current literature. These
studies demonstrate that fibroblasts, epithelial cells, neurons, and tumour cells are capable of
responding to PAF in receptor-mediated fashion, synthesizing PAF, and, in the case of secretory
epithelial cells, releasing the ligand into the extracellular milieu. Furthermore, other ligands, such
as TNFo, are known to depend upon intracellular PAF as an essential signal transduction
molecule. In tumour cells, many of PAF’s effects are mediated by G-protein activation leading to
calcium transients, respiratory burst, cytokine synthesis and release, intracellular PAF
accumulation, tyrosine kinase activation, phosphorylation of PLC, phosphoinositide hydrolysis,
and gene expression. Functional consequences include cell differentiation, cell death, and/or cell
proliferation depending upon the individual cell type and environmental circumstances.

This thesis expands upon such research by demonstrating that PAF has the potential to
induce sustained alterations in both the rate of cell growth and the rate of cell death depending
upon endogenous environmental conditions and specific cellular capabilities. The data
demonstrate that these effects are transient but long-lasting and can be observed up to 60-80 days
after initial ligand exposure. There is no evidence to suggest that PAF is mutagenic or that PAF
elicits heritable changes in target cell genome. Rather, the ligand appears to dose-dependently
stimulate cell growth or cell death depending upon the duration of the ligand exposure and the
presence or absence of exogenous growth factors. Brief stimulation (<! hr) appears to activate a
variety of signal transduction molecules in the absence of growth enhancementor cytotoxicity.
These signalling agents include PAFR, PKC mobilization, phosphorylation of proteins on tyrosine
residues, oxyradical production, and de novo gene expression of the proto-oncogene c-fos and the
ACD-related gene clusterin. The results provided in this thesis represent the first such
demonstration in normal fibroblasts, epithelial cells, and/or brain tissue. Transient stimulation (1-
6 hr) elicits long-term growth enhancement (60-80 days). Phenotypic transformation includes
increased focus formation, saturation density, autonomous cell growth (ie. growth in low serum),
and Al growth. Long-term increases in cell growth in the absence of further ligand exposure

appear to be mediated by increases in intracellular PAF concentrations that trigger the synthesis
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Figure 77. Functional consequences and underlying signal transduction mechanisms
resulting from PAF stimulation of non-inflammatory celis

Schematic depicts cell membrane and nucleus. Cell type used to identify the mechanism depicted are
illustrated in brackets. Double-lined arrows indicates functional consequences mediated by signal
transduction molecules not yet elucidated. Black text/drawing depicts PAF-induced responses in normal
cells. Grey text/drawing depicts PAF-induced responses in tumourcells. Abbreviations are as defined in
Chapter 1. Drawing is based on references 1-21.
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and release of mitogenic factors. Intracellular PAF levels are presumed to remain elevated and
mitogenicity is sustained as the result-of this autocrine feedback loop. Growth enhancement is
accompanied by induction of clusterin and UPA gene expression. These gene products
presumably facilitate escape from immune surveillance and extravasation of cells through the
ECM. Species differences were noted between human and rodent cells in that HFs demonstrated
increased cell proliferation only when cells were grown under suboptimal conditions and RECs
exhibited enhanced cell growth under both optimal and suboptimal culture conditions. All of these
effects appear to be mediated by PAFR and tyrosine kinase activity. In HFs, activation of PKC
was required for growth enhancement. In RECs, PKC did not influence cell growth. None of the
observed effects appeared to be mediated by cyclooxygenase metabolites of AA. Lastly,
prolonged exposure (72 hr) to PAF dose-dependently elicits ACD in both RECs and HFs when
cells are cultured in the absence of excess growth factors. Apoptosis was determined by changes
in nuclear and cytoplasmic morphology and DNA analysis. Induction of ACD could be blocked
by removing the ligand from the medium or by adding exogenous growth factors to PAF-treated
cultures.

In ras-transformed cells, transient exposure (1 hr) to PAF elicited an ACD program in
target cells followed by a period of prolonged growth enhancement in surviving cells when
cultured under suboptimal conditions. In the presence of 10% FCS which supplies exogenous
growth factors, 1 hr treatment with PAF initially induced reduced cell growth in lieu of cell death

followed by enhanced cell proliferation in the absence of further ligand stimulation. These data

suggest a role for p21™ in the PAF-induced apoptotic program but not in PAF-mediated
mitogenicity given that RECs and REC/ras cells behaved identically 10-50 days after PAF
treatment. One interpretation is that the presence of oncogenic ras sensitizes cells to undergo PAF-
induced ACD since REC/rus undergo apoptosis after only brief exposure to the ligand while RECs
require continued stimulation to maintain the apoptosis program. Despite this apparent separation
in signalling mechanisms, both PAF-mediated increases in the rate of cell growth and the rate of
cell death were dependent upon PAFR activation, phosphorylation of proteins on tyrosine
residues, and the presences or absence of exogenous growth factors. These data suggest a

possible role for PAF in both tumour regression and tumour progression.
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Finally, data is presented to implicate PAF in the pathogenesis of neurodegenerative lesions

characterized by PAS-D* depositions and accelerated cell death using a kainic acid model of
myoclonic epilepsy. Neuropathology resulting from sustained epileptiform seizures can be
divided into two phases: acute (0-24 hr after kainic acid administration) and chronic (3-7 days after
kainate injection). The acute phase is characterized by necrosis, edema, profound reactive gliosis,
blood-brain barrier breakdown, and accumulation of PAS-D* lesions around areas exhibiting
extravasation of circulating proteins into brain parenchyma. At the height of this damage, PAFR
expression is downregulated with residual expression restricted to brain regions demonstrating
enhanced clusterin mRNA levels and predictive of areas destined to be spared from subsequent
neuronal deterioration. Enhanced fos protein immunoreactivity at this early time point predicts (1)
subsequent cell death, (2) neuronal accumulation of PAS-D* material, and (3) chronic expression
of PAFR mRNA. At every time point, PAFR expression was confined to neurons and some
microglia. Astrocytes did not express PAFR. The chronic phase of neuropathology is initiated 3-
7 days after epileptiform seizure induction and lasts anywhere from 3 months to 1 year after
injury. Damage is characterized by ACD in select brain regions, accumulation of chronic PAS-D+
lesions, mild, residual gliosis, and restoration of blood-brain barrier integrity. PAFR expression
is substantially upregulated during this period and is confined either to areas undergoing cell death
in conjunction with increased clusterin gene expression or to areas exhibiting chronic PAS-D*
lesions. Enhanced fos immunoreactivity and residual Ig immunoreactivity accompany this
increase in PAFR mRNA levels.

A theoretical model, depicted in Figure 77, is proposed to interpret these data. Fibroblasts,
epithelial cells, and neurons respond to extracellular PAF stimulation through activation of PAFR.
Brief stimulation with PAF under normal physiological conditions (ie. half-life of 2-12 min) elicits
signal transduction by stimulating tyrosine phosphorylation of proteins resulting in PKC
activation, and transient gene expression (Figure 77, black line schematic). However, during an
inflammatory response, cells are most likely chronically exposed to PAF. Subsequent responses
depend upon the duration and dose of ligand exposure. Cells transiently exposed to high doses of

PAF would undergo delayed growth enhancement. These effects are mediated by prolonged
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Figure 77. Functional consequences and underlying signal transduction mechanisms
resuiting from PAF stimulation of non-inflammatory cells

Schematic depicts cell membrane and nucleus. Black text/drawing depicts PAF-induced responses
following brief stimulation (<1 hr). Grey text/drawing depicts PAF-induced responses following repeated,
transient stimulation and/or chronic exposure to low doses of ligand. White on grey text/drawing depicts
PAF-induced responses following chronic exposure to high doses of PAF. See text for further details.
Abbreviations are as defined in Chapter 1.
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signal transduction leading to exposure of PAF-treated cells to H202 (Figure 77, gray line
schematic). Stimulation with both PAF and H'202 leads to enhanced intracellular PAF synthesis
that, in turn, triggers the synthesis and release of mitogenic factors. Intracellular PAR production
sets up an autocrine feedback loop by which PAF levels remain elevated signalling sustained
mitogenicity. These effects are accompanied by renewed clusterin gene expression and de novo
UPA expression (Figure 77, gray line schematic). Induction of this loop can be prevented by (1)
blocking extracellular PAF receptors during PAF exposure, (2) inhibiting tyrosine kinase (rodent
and human cells) or PKC activity (human cells) during ligand stimulation, (3) preventing H202
accumulationin the presence of PAF, or (4) blocking putative intracellular PAF receptors upon
removal of the ligand. Furthermore, cells continually exposed to low does of PAF would undergo
enhanced cell proliferation through similar signal transduction mechanisms. This effect probably
ensures that non-inflammatory cells, transiently exposed to PAF or chronically exposed to low
doses of ligand, undergo sustained cell proliferation in order to facilitate wound healing during an
inflammatory responses. Conversely, prolonged exposure to high doses of PAF elicits ACD.
The duration of ligand exposure required to stimulate ACD can be abbreviated by introduction of
oncogenic rus into cells strongly suggesting that PAF works through ras or through some common
signal transduction pathway to elicit cell death (Figure 77, white on grey schematic). This
pathway can be abrogated by administration of exogenous growth factors indicting that PAF is
only capable of signalling ACD under sub-optimal growth conditions. Induction of ACD depends
upon PAFR activation and phosphorylation of proteins on tyrosine residues. Thus, cells
chronically exposed to high doses of inflammatory mediators (ie. at the core of inflamed tissue) are
induced to die. Finally, during chronic inflammatory disorders, repeated exposure to PAF could
contribute to (1) enhanced cell proliferation of cells within the potentially damaging inflammatory
environment, (2) transient induction of a ‘metastatic’ phenotype in cells already transformed thus
facilitating escape from immune surveillance (increased clusterin gene expression) and
extravasation of cells through the ECM (increased UPA gene expression), and/or (3) stimulation
of ACD.

Within the CNS, PAF appears to mediate cell death and cell differentiation. Since neurons

are incapable of further replication, PAF-elicited ACD could contribute to the pathogenesis of
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neurodegenerative disorders characterized by enhanced cell loss. This effect was investigated in
an experimental model of myoclonic.epilepsy. In vivo, PAFR levels are down-regulated
following acute injury and at the height of the subsequent inflammatory response. This reduction
could represent a protective response given that exacerbation of cerebral inflammation would lead
to massive cell death. Cells that continue to express low levels of PAFR are also protected from
later damage presumably by induction of clusterin gene expression. During the chronic phase of

neurodegeneration, PAFR levels are substantially increased in and around areas undergoing either

ACD or accumulation of PAS-D* lesions. These data indicate that PAF may participate in the
exacerbation of neurodegenerative lesions and could play a role in inducing accelerated cell death
during chronic cerebral inflammatory conditions.

In summary, the pro-inflammatory agent, PAF, is capable of disrupting the delicate balance
between cell growth, cell death, and cell differentiation. In this imanner, PAF may participate in

tumour progression and contribute to progressive neurodegenerative disorders.
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Relationship to c-fos induction, neuronal necrosis, reactive gliosis, and blood-brain barrier
breakdown. Acta Neuropathol 89: 126-138.

Steffany A.L. Bennett page 5




Refereed papers, submitted
Bennett SAL, Birnboim HC (1995) Platelet activating factor activates protein kinase C and induces
fos mRNA expression in rodent embryo cells. J Cell Biol (in review)

Bennett SAL, Birnboim HC (1995) Malignant transformation of human fibroblasts induced by
platelet activating factor is mediated by PAF receptor, protein kinase C, and tyrosine kinase. Int. J.
Cancer (in review)
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Bennett SAL, Vickers GJ, Roberts DCS (1988) Gender and estrous cycle affect cocaine self-
administration on a progressive ratio schedule of reinforcement. Soc Neurosci Abstr 15: 268.7
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Roberts DCS, Bennett SAL (1989) Qualitative differences between heroin and cocaine self-
administration behaviour revealed by progressive ratio schedules of reinforcement. Soc Neurosci
Abstr 16: 253.8 (Phoenix, USA, poster presentation)

Bennett SAL, Staines W, Roberts DCS (1989) Characterization of cell degeneration, blood-brain
barrier disruption, and brain glycogen deposition following intraperitoneal administration of kainic
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Roberts DCS, Bennett SAL (1990) Heroin self-administration on a progressive ratio schedule of
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Bennett SAL, Birmboim HC (1991) Treatment of rus-transfected rat embryo cells with platelet
activating factor induces a novel glycosidase activity. 34th Annual Meeting Canadian Federation of
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Bennett SAL, Bimboim HC (1992) Platelet activating factor induces a transformed phenotype in
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Bennett, SAL, Tenniswood, MPR, and Roberts, DCS. (1995) Chronic upregulation of platelet
activating factor is associated with clusterin expression, apoptosis, and neurodegeneration in rat
brain following kainic acid-induced seizures. Soc Neurosci Abstr 22 (San Diego, USA, slide
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