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ABSTRACT \

Gold coordipation complexég 'are currently utilized
as second-liﬁe, aﬂti-rheumatic agents, although the mode
by which they modulate the diooasod st&to and promote
remission in pationts with chronic rhoumatoid arthritis,
remains uncertain. Ln vitre,.gold compounds have been
Shown to display an;iinflammqtory proportiol towgrd the
various cells involvéd in the inflaomatpry response, o}
such colls,'tho neufropﬁiﬁ has been studied extenaivoly.
The gold (oompouhdu, ‘auranofin and gold sodium
thiomalate, varied markedly in their effects on the
vnoutrophii. - Auranofin suppressed the’ chomotaotic
peptide-induced activation of noﬂfrophil degranulation
and 1;ixkotz?iono production. In ,addition, auranofin
inhibited oho"fosoiratory burl; induced by’chomotaotic
peptide-, - fluoride anionéf or-tumonr-promotinq phorbol
ester-activation of noutrophilo. Cold‘lod§um thiomalate

was much .less potent an inhibitor.

~
~

Early 'siqndr transduction lt:pi'wogo not attootodiby
auranofin -fnoo' ‘the mobilization of intracollular
~ calcium stores vas not inhibited. Tumour-propoﬁing
phorbol esters :activato ‘protein 'kinll‘,»cﬁin a manner
sinilar to ondoqonou- diaoqulyoorol.‘ The. pooniblity
that auranofin may intorforo vith oiqnal transduction at

. this 1level . vad %nvoltiqatod . f Ensymatic assays’
o . : il b _



'

indicated that both auranofin and Qold gsodium thiomalate
decreased the level of protein kinase € activity
associated with‘: the neutrophil ‘cytosol:? Phorbol
ester-stimulated redistribution of protein kinase ¢
ectivity from the cytosol to the membrank of the‘cell, a
process associated with) cellular ectivation, ﬁas
fnhibjted by botn gold compounds. Immunoblot analysis
carried out using polyclonal anti-protein kinase t
antibodies, reveglediithet the gold compounds dig not
promote degradation ‘of protein kinase C and that more
enzyme remained in the cytosol of cells co-treated with.

=

phorbol ester and gold compeunds compared to phorbol
eeter/ alone. Further studies with intact cells
indicated that endogenous protein phosphorylation
mediated by protein kinase c,was atten;ated;by’auranofin
but not by gold sodium thiomalate However, both drugs.
inhibited neutrophil cytosolic and partially-purified
platelet protein kinase ¢C a;tivities as well as the
binding of phorbol ester to its receptor in these
fractione. . Current studies indicate that protein kinase
C may be the target for the antiinflammatory activities

of auranofin, and gold compounde in general.’

)
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CHAPTER ONE

INTRODUCTION



A \
GOLD COORDINATION COMPLEXES R

HISTORICAL BACKGROUND

);gln 1890, while searching for an effective chemo-
theéapeutic agent against tubercle bacillus, Robert Koch
discovered that gold cyanide inhibited the growth of
this bacterium jin vitro. Due to the cytotoxicity of
gold compounds, less toxic compounds with therapeutic
potential were aventually developed and applied to treat
patients with active tuberculosis (Mdéllgaard, 1924). 1In
comparing . patients suffering from tuberculosis with
others possessing characteristics of active rheuﬁatoid
arf;;itis, Forestier, 1in 1928, discovered that there
waere etiological, «clinical and laboratory similarities
between them. He conjectured that gold might prove to
be effective in the treatment of rheumatoid arthritis

———

sincd ; i‘t was shown to be effective as Wrapeutic
measure against tuberculosis. With over five hundred
treated rheupatoid arthritis patients, Forestier clgimed
70 to 86% success with his patients on gold therapy
(Forestier, 1934). Despite \ﬁre fact that oyer fifty
years of experience with gold ¢oordination complexes as
second-line therapy in the treatment of rheumatoid

arthritis havo cle;rly established thqir' clinical
efficacy, V(Empiri Rheumatism Council, 1961; Marshall,

\L':‘: o



-

1965; Cervini, i977), the mode by which these compounds
manifest changes in the diseased state remains uncertain
ard, an area of ongoing investigation. In ordeg to fully
appreciate the mechanistics of gold drug action, an
understanding of the chemistry of these compounds is

necessary. “

B. PHYSICAL AND CHEMICAL PROPERTIES OF GOLD COMPOUNDS

Until recently, very }i%tle progress had been made
towards an understanding of the physical and cheﬁical
properties of gold éompounds. Technological advances
made in /épectroscopy (nuclear magnetic resonance,
infrared, Raman, and Méssbauer spectroscopy), have aided
immensel§ in this field. Accdrding to studies of Sadler
(1982), four basic properties of gold‘ coordination
complexes are important in understanding their mode of.
action: (1) the oxidation state of the gold atom; (2)
the number and type of ligands coordinated to gold; (3)
the gecmetry ofc“iiqands surrounding the gold atom; and
(4) the thermédynamic and kinetic stability of -t'hc gold
compound. Other - prop;rties, luch as the partitioninq,
betwton agqueous and non-agueous pﬁalol (lolubiiity), an&
chargeA of tg; complex, are likely to affect their uptake
and distribution in biological systens. )

"The most common oxidation ltatgtﬂnt gold are I and



III, Au(I) and Au(III), although in agqueous solution
Au(III) tends to be reduced to Au(I) in the absen;e of
stabilizing 1ligands. When stabilized, Au(III) favours
the formation of a square planar complex in which four
ligands are arranged at 90° angles from one another
relative to the gold nucleus. Au(I) generally forms
linear, two coordination complexes in which the two
ligands are positioned on opposite sides of the gold
nucleus. Figure 1 demonstrates the coordination
geometries of Au(I) and, Au(III) complexes and lists
examples of each. ! |

Gold compounds in therapeutic usage are all Au(I)
complexes (Sadler, 1976; Shaw, 1979; Brown and Smith,
1980). Au(III) complexesg are strong oxidizing agents
and are not used biologically due to their toxicity.
For example, AuCl4' will oxidize methionine residues
in peptides to methionine sulfoxide, and cysteine to
CQQtine and further to sulfonic acid. Au(I) can be
stabilized be " » -acceptor ljigands,, that is, ligands
which donate electron density to Au(I) as well as gccept
clocfron density into their vacant r-orbitals. This
type of arrangement provides extra stability to the
Au(I) oxidation state. The ligands that bind to Au(I);
in order of preference, are cyanjde = cysteine-S =
phosphines >> methionine-s-CH,, histidine (=N-) >

cl >> -Co0~. Therefore, a thiolate such as



-

Figure 1: Coordination geometries of Au(I) and

Au(III).

Au = gold atom

L: = ligand with lone-pair electrons

N\
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cysteine will readily displace ;wAu(I)—bound methionine
or a nitrogen from histidine. r i .

rpompounds which emerged in the 1920's with decreased
toxicity compared to gold cyanide, yet therapeutically |
beneficial,‘ were the \water soluble gold sodium
thiomalate (GST) and gold sodium thioglucose (GSG).
Both of these éompounds, exist as polymers in solution
where the} Au(I) 'atomwbinds two sulfur atoms. Like, GST
and GSG, auranéﬂfﬁ [AUR, (l-thio=-8-D-glucopyranose
2,3,4,69tetfaacetate-8) (triathylppogphine) goldj, a
recently introduced oral gold compound, contains gold in
Fhe bAu(I) state. The gold nucleus is coordinated to tth
tetraacetylthipglucose and ,triithylphosphino ligands.
AUR does not polymerize in solution since the phosphine
méiety does not particiﬁate in bridging (Sutton, 1972;
Sadler, 1982; Sutton, 1983f. The nature of its ligands
also render AUR lipophilic.

' > -/
' . ,

C. THIOL-EXCHANGE REACTIONS OF GOLD COMPOUNDS

Various _nﬁclca: ] magnetic resonance spectroscopy
titration expefinonts, using - competitive thiol-
céntaining conpoundl, have shown that Au(I) complexes
can- participate in_ thiol- or 1ié;nd-oxchanqooioactionl
(Ssadler, 1976; Shaw, 1979; arown and Saith, iési} Hempel

f o .
and Mikuriya, 1981; UAIik et al., 1981; Shaw, 1981;
Sadler, 1982). "This reaction is based on the ability of °

— \ ®
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the thiol-ligands attached to the.Au(I) nucleus to be
exchanged with éogbetiné thiols in its surroundings.
Snyde and coworkers (1986) have studied the mgchanism
of gold, thiol-exchange in great detail using!RAW.264.7
macrophages and labelled AUR either within the
triethylphosphine (PEt,), the gold, or - the
tetraacetylthioglucose (TATG) moieties of the molecule.
They demonstrated that the goldAmoiety of AUR is taken
up and distributed in these cells by a sequence of

thiol-exchange reactions. In their model, cellular

- accumulation of the drug results from the séquential

shuttling of Au(I)-PEt; or Au(I) moieties of the AUR
molecule between cellular sulfhydryl groups. Cellular
uptake, the rate limiting step, involves the

displacement of TATG by membrane-associated thiol groups‘

(M-SH) : : S;R

~

A

£ TATG-Au-PEt, + M-SH --> TATG + M-S-Au-PEt,

The rate of cellular association of any gold complex
wili depend on the reactivity of <the leaving group.
Thuﬁ) Cl-Au-PEt, assoc;atas more rapidly with cells
than does AUR. Also, extracellular thiols such as
albumin,‘ cy-tqine etc., ﬁay compete with M-SH for the
TATG ligating site of AUR and thereby reduce cellular
association. Oonce associated ‘with the cell, goid



LI/

complexes can be distributed intraéellularly by the
shuttiipg of - M-S-Au-PEt, between cytosolic sulfhydryl

groups (C-SH):
M-S-Au-PEt, + C-SH --> M-SH + C-S-Au-FEt,

It should be noted that multiple intramembrane lig;nd
exchanges lof ~Au-PEt, may occur prior to C-SH
association. Bridging of cellular sulfhydryis may occur
ir the PEt, mojiety is displaced by 3:T$Eitable
competitive 1ligand. . Drug ‘association with the cell by
the sulthfdry;) shuttle mechanism 'diffﬁrs ’from

traditional concepts of cellular uptake (Snyder et al.,

1987a) and depends solely and simply on the c¢hemical -

reactivities of the drug and cellular sulfhydryl-
containing components.

The possible effects resulting from thiol-cxchqngo
by gold compognds are vast. Dependinq'on the cell types,
this process could ioad to the disruption of membranes
and membrane prdtéin‘ stucture and function. Once
compidked to gold, it 1is possible that cytosolic
éroteins could qutunctibnally altered.

D.... NEUTROPHIL PHYSIOLOGY

»

Neutrophils: _belong to a series of terminally

~

.....

' differentiated  granilocytes of bone marrow origin.

4 s »
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Under normal _conditions, neutrophils are found in the

circulation wﬁﬁre_they comprise approximately 95% of the
granulocytic component of human blood (Cronklte and
Vincent, ® 1969). Tissue neutrophils arise in response to
damage caused by irritation or infection via a well

regulated process of migration known as chemotaxis.

-This process 1is initiated by the presentation to cells,

of a congentration gradient of a specific stimulus
leading 'to the aceumulation of cells at tissue sites of
inflammation (Snyderman and Goetzyl, 1981). A host of
substances generated during the 1 Ammatory response
has the capacity to both enhance tﬁe movement of
neutrophils (chemokinésis), and to orient their movement
in the direction of increasing concentration of the
agent (chemotaxis). These stimuli also have the ability
to alter thé permeability of the endothelial lining of
the posf capillary venules to alléw for extravasation of
cells by a process termed diapedesis. ‘A description of
Xhe various chemotactic factors is given in Table I.

once localized to the site of insult, the main
function of the neutrophil becones one of recognition,
phagocytosis and elimination of the pathogén. The
recdgnitiqh phase involves the binding of opsoni;ed
substances to spﬁcitic receptors on the surface of the
neutrophil. There afe tgoimajor constituents of human

serum,r an immunoglobulin (IgG), and thé third component

-

R R



Table I:

Factor
plasma kallikrein

C5a; C567

C3bBb

£ibrin fragments

P

b

collagen

fragments

bacterial pep-
tides and lipids
leukotriene By,
5- and 12-
hydroxy eicosa-

tetraenoic acid

lipoxygenase

Factors chemotactic to human neutrophils.

Source Reference

kinin-generating Kapian et al., 1972

sequence

classic comple- Fernandez et al.,

ment pathway 1978; Lachmann et

al., ‘1970

alternative com- Ruddy et al., 1975

plement pathway

14

fibrinolysis Richardson: et al.,
g
1976
collagenolysis Postlethwaite and
Kang, 1976
bacteria Becker, 1972
- ] » Tainer et al., 1975
arachidonate Goetzyl, 1983
Turk et al., 19;2



of complement (C3b), known collectively as opsonins,
which act upon certain foreign invaders to increase

their palatability to phagogytic cells (Cline and

Lehrer, 1968; Nelson, 1965). Neutrophils possess

specific receptors for both the Fc portion of IgG
(Messner and Jelinek, 1570; Boxer et al., 1978; Klempner
and Gallin, 1978), and for fragments of the third
component of complement, pfimaril§“c3b (Ehlenbergér and
Nuqsenzweig, 1977; Boxer et al., 1978). When contact is
established between the ‘neé;rophil and the opsoﬁized
particle, the particle is then ingested by the cell by a
process termed phagocytosis. %n this process, the
neutrophil extends pseudopodia from the site of particle
attachment which eventually surrounds the particle and
ultimately fuses at its 'distal pole ( Moore et al.,
1978). Following phagocytosis, membrane fusion leads to
the discharge of 1lysosomal constituents. (hydrolytic

enzymes and antibacterial, factors), into this phagocytic
R4

vacuole. Human neutrophils contain two major types of
9

lysosomal granules: the azurophilic and the specific.
Whereas the azurophilic  granules contain

myeloperoxidase, acid hydrblases such as B-glucuroni-
&aae, and a limiécd suppl& of 1§§ozyme, the specific
granules are ,rich..in lysozyme as well as conﬁaining a
vitamin Blz-bindin§ protein. and lactoferrin (Gallin,
1984). A third clgss of small, gelatinase-containing

N

12



granules has been described .(Dewald et al., 1982).
Human neutrophils, therefore, contain granuie-associated
enzymes with the capacity to hydrolyze a wide variety of
both natural and synthetic substrates. While the
granular contents are normally discharged intracel-
lularly into ;hagocytié vacuoles, undef " certain
"circumstanceé; they are released extrgcellularly,
independently of phagocytosis. Thus, phagocytosié is

not an absolute prerequisite for degranulﬁtion by
neutrophils (Henson, 1972; Henson and Oades, 1975), and
degranulaﬁion can be activated by éoluble as well as
particulate stimuli (Goldgfeip et al., 1974; Estensen et
al., 19?4; Goldstein ;t al., 1975a,b;'Ho££stein et 91.,
1976; Goldstein et al., 1977).

Together with degranulation, the respiratory burst
of neutrophils constitutes cellular events Involvgg in
the .elimination of pathogenic materiai. The engfmﬁiic
system responsible for the reipiratory burlé is éht
NADPH oxidase first described by-Rossi and Zatfi in 1964
and 2atti and Rossi in 1966. The enzyﬁ: is located in

the plaspa membrane (Briggs et al., 1975; Dewald a:xsi.,"
)

1979); and is activated duxing phagocytosis, as w as

independently of phagocytosis, by virioul soluble

'‘stimuli. = NADPH 'oxida.-q' cqﬁploﬁil . dormant in

\

unstimulated cells, fcatalyzoqf'tho ”bxldation' et'ﬁiQPH
formed by glucose - metabolism through the hexosé

/

¥
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monophosphate shunt, according to the following

;eaction:
NADPH + H* + 20, --> NaDP* + 20,7 + 2H"

Over the 1last few Yyears, much data on the chemical
composition qf NADPH oxidase has been collected (Rossi,
1986), and it is generally agreed that a flavoprotein, a
cytochrome (cytochrome b-558), and various quinones
contribute to its structure. The arrangement of these
components comprises an électron transport chain where
the 'tlavsprotein acts as NADPH dehydrogenase-cytochrome
b reductase, with the ‘ﬁ%ssible participation _of'

quinones. _Cytochrbme b~558 has been proposed to reduce
. ’ N

a
i

0, to 0,7,
The consumption of O, and production of 0,7
that occur during the respiratory burst are accounted
for by NADPH oxidase activation. ﬁzoz, as well as
»other active oxygen metabolites, are subseque&tly
produced by reactions describe§ in Figure 2.. In®
Qcongeft, 'thcse g active oxygen species (02', ﬁzoz,
OH- , O0X~, wetc.), have toxic effects oﬁ miproorg;nismé
and neoplassic tissue (Johnston et al., 1975). As
foreign material is phaéocytosed, the NADPH 'oiidase
conplex, logatcdfin the plasma membrane, bécomas part of

“the phagocytic vacuole thereby releasing actﬁye oﬁygen

A 4

14

-



Figure 2: The major pathways for oxygen
metabolism during the neutrophil

respiratory burst.

a - NADPH oxidase catalyzés the one
electron reduction of oxygen (0,) to superoxide
anion (0,7). . '
\ b - .0, is further reduced to
hydrogen peroxide (H,0,).

1 c - H0, and 0,7 react to
generate the hydroxyl radical (OH- ).

a - Myeloperoxidase catalyzes

_microbicidal reactions ubing H,0, and halide

ions (X7) as substrate leading to
halogenization of cellular and microbial
proteins.

e - 0, escaping the bhagocytiéz
vacuole {s reduced to H,0, by superoxide
dismutase. ’ ) ‘
fﬂ\ - Catalase reduces H,0, to 0O,
and .water (H,0). . » .

g - NADPH is formed by~the oxidation
©of glucose iﬁ.the bexose monophosphate shﬂnt.“‘

——— -

*
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specles within this space enabling_destruction of the
engulfed material (Cohen et ai., %980). Since
phagocytosis is not a prerequigite for both
dééranulation and activation of the respiratory burst

Al

(Goetzyl and Austen, 1974; Hensen and Oades{ 1975;

Goldstein et al., 1975c; DeChatelet et al., 1976;
Goldstein et al., 1976; Goldstein et al., 1977; Cohen
and Chovaniec, 1978), cellular stimulation in the

absence of a foreign agent can lead to the destruction

of otherwise normal tissues.

E. IN VITRO ACTIVITIES OF GOLD COORDINATION COMPLEXES

IN THE:FEUTROPHIL

Gold coordination complexes have been shown to
affect a variety of cells and cellular functions
(review, Chaffman et al., 1984). However, the following
will focus on the interaction of these compounds with
normal neutrophil functioning. )

Hafstrém and coworkers (1983a) studied neutrophil
chemotaxis by preincubating cells with AUR followed by
cellular ptimulation with serum or bacterial factor
_ cytotaxins. They observed an iﬁhibitcry effect with
inéteasing Mdose of drug which could not be reversed by
the removal of the drug by washing the cells. AUR did
not inhibit random migration (chemokinesis) and GST was

Girtually ineffective. This same group of investigators

17



(Hafstrém et al., 1§84a) utilized a soluble chemotactic

stimulus, 1eukotriepe By, and again observed AUR

inhib}tion of stimulus-induced neutrophil chemotaxis.

When activated for phagocytosis by zymosan particles

(DiMartino and Walz,\ 1977), candida albicans (Davis et
/

al., 1982), yeast cells (Davis et al., 19827 Hafstrém et

al., 1983b) or opsonized erythrocytes (Davis et al.,
1

1982), neutrophils pretreated with AUR were

signiticantl{ suppressed in this capacity compared to
control cells. This effect was dependent on AUR dose
and GST was q?own ﬁo have minimal inhibitory activity.
The effect of gold compoﬁnds on both neutrophil
degranulation and respiratory burst aétivities has been
examined in detail by various groups. The consénsus is
that, whereas GST displayed 1little or no{tnhibitory
activity on these cell&lar functions, AUR pfoved to be
an effective inhibitq:h E#rly studiesrof AUR's effect
on lysosomal enzyme release in vitro uﬁllized phagocytic
neutrophil stlmuli. Duriqg phagocytosis of i&mosan
particles, DiMartino and Walz (1977) ‘showeq;that AUR

produced a dose-dependent ‘}eduction of both

18

B-glucuronidase and lysozyme release from rat -

niutrophils.‘ Similar results were obtained by

Finkelstein and coworkers (1977 and 1982) using human

neutrophils. In order to determine whether the

inhibitory effects of AUR on neutrophil phagocytosis and



gegranulation were independent of one anothér,
degranulation elicited by non-phagocytic, soluble
stimuli was studied. AUR was showﬁ to have a biphasic
influence on the enzyme release evoked by the
chemotactic tripeptide ¢~ n-formylmethionyl-leucyl-
phenylalanine (fMet-Leu-Phe), (Hafstrémyet al., 1983b).
At concentrations 1less than 1 auM, AUR-tWated cells
released more lysozyme than did control cells. However,
at conéentrations greater than this, a significant
inhibitory effect on both lysozyme and B-glucuronidase
re}ease :us observed. Studies utilizing other séihble
stimuli have supported this ob:;rvation (Coates ét al.,
1983; Hafstrom ét al., 1984b). The cglcium ionophore
A23187 has been shown to elicit degranulation of
azurophilic and/dT) specific granules (Goldstein et al.,
1974;<5Goldstein et al., 1975a), but to be insensitive to
the inhibitory actions of AUR (Hafstrém et al;, 1983b) .
Wolach and coworkez7~ (i982) demonstrated that AUR
inhibited the release of granule compépohtl other than

lysozyme and B-glucuronidase. ' Release of

‘myeloperoxidase and lgctofcrfin were prevented in

A

AURepretreated cells. Marked inhibition of elastase -

(Kihn et al., 1985) and collagenase (Wojtecka-Lukasik et
. | ~ R

al., 1986) release -were also noted. ,in a}l studies

which involved GST, a failure to inhibit neutrophil

dcgranulatibn va; observed (Carevic, 1985). In general,

19



AUR inhibited neutrophil degranu{?tion independently of
phagocytosis and GST lacked this ability.

Another neutrophil effector function altered by AUR
is the respiratory burst. The results of various
studies parallel the results obtained with cellular
degranulation; 1low concentrations of AUR elicit an
enhanced respifatory burst wh%ph becomes significantly
reduced at higher doses. The same results were obtained
whether the cellular stimulus induced phagogytosis
(Hafstrém et al., 1983a; Davis et al., 1983; Roisman et
al., 1983), or was independent of phagocytosis, for
example fMet-Leu-Phe (Davis et al., 1983; Coates et al.,
1983), concanavalin A (Hafstréh et al.,\1983a), and a
tumour-promoting phorbol ester (Hafstrém et al., 1983b;
Sung et al., 1984). 1In gact, the phorbol ester-induced
respiratory burst was most sensitive to Au(I)lcomplexes
containing PEt,;-like 1ligands. Again, GST demonstrated
poor inhibitory activity tqyard the resbiratory burst.
| In analysing the multiple activities of AUR (or gold
compound in general) in neutrophils, questions arise as
to thevjkaturﬁ of the inhibition observed: How do these
compounds manifest their in vitro inhibitory activi-
ties? Do they affect each cellular response individual-
ly, or do they alter the transduction of inflammatory

stimuli which results in overall suppression? To

provide a background for these queries, the tolloying

8
-t
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section «eviews the current state of knowledge regarding

signal t;:hsduction patﬁways in the neutrophil.

II SIGNAL TRANSDUCTIO}f IN THE NEUTROPHIL
<
A. MEMBRANE RECEPTORS FOR CHEMOATTRACTANTS _

The interaction Jf " a stimulant with the neutrophil
surface initiates oxidative metabolism of glucose, 0,
consumption, 02' geneiﬁtigp (the respiratory . burst),

~ degranulation, changes 'in cellular shape and adherence
capacities, chemotaxis, phagocytosis, and the generation
of arachidonic. acid metabolites. These events requir&
the precise ‘regulation of ;averal signal transduction
pathways. The ;Qries of events whicB 1lead to the
induction of neutrophil responsiveness arc‘lncipient on

. the binding  of cellular stimuli to specific plasma

membrane . rechtors. Receptors have been identified for
the . peptide chemoattractants; such as fHot-Lou-qu, A
synthetic an&iogue of natural Dbacterial products
(Becker, 1979):; C5a, a cloavaée’ produét of the fifth
‘ component of complement, (Chenoweth and Hugli, 1978) 5
crystal-induced chemotactic. fﬁctcr (Spilberg and Mehta,
' 1979); ‘and the 1lipid chemocattractants, 10ukot£1¢no B,
(Goldman and Gpotzyl,"1982)‘_and vpiatolot activating '
factor (Hwang et &1.; 1983), Other agents ninic‘tha

offcctl of physiological 1ligands and have \bgfonc
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valuable tools for the study of signal transduction.
Some of these agents exhibit a similar type of
receptor-mediated inézraction with the neutrophil plasma
membrane as those mentioned above (lecfins, antibodies

directed against cell surface antigens), whereas others

act by perturbing the lipid phase of the plasma membrane

(surfactants, phospholipases), and still others
circunvent some of the initial steps_Jjn transmembrane
signalling (calcium ionophores;, phorbol esters, fluoride
anion (F7)]. Most of these cellﬁiar stimuli can
activate more than one neutrophil response implying that
a ligand-plasma membrang.lnteraction generates a signal
to the cell which is intracellularly amplified to reach

L4

various targets.

In a wide variety of cell types, changes in the
plasmalemmal transmembrane potential are an initial step
in stimulus-respo;se coupling. When membrane potenti&l
changes were monitored in neutrophilé upon activation
“with fMetZLeu-Phe, using either3 a labelled lipophilic
cation [3H]tetrapheny1 phosphonium ion (KorchakA et

. al., 1982), or the fluorescent carbocyanine dye,

3,3'-dihexyloxacarbocyanine iodide (Seligmann et al.,
1980; Whitin et al., 1980), a depolarization event was

oblorvod." However, it was later determined that the

_ carbocyanine dyc' was located primarily with . the

mitochondria and that the flugreicence loss associated

22



with a depolarization event was inhibited by cyanide, an

23

electron transport inhibitor. Also, the 1loss of"

fluorescence was associated with a lag of approximately
3 8. Therefore, themdepqlarization following cellular
activation by fMet-Leu-Phe is not immediate and unlikely
to be an initiating event in the activation sequence.
Hyperpolarization of meutrophil membraneé by the
ionophores valinomycin and nigerigih{ and depoiarization
by high extracellular K'Y, do not ‘stimulate cellular
o2 consumptioh (Romeo et al., 1975; Mottola and Romeo,
| 1982). A8 well, a tumour-promoting phorbol ester was

shown to produce a large membrane depolarization without

-

possessing chemotactic activity toward neutrophils
(Mottola and’Romao, 1982), thus demonstrating that these
changes in membrane potential do not’play a majorlrogp
in the transduction of external stimuli to modified
neutrophil behaviour.

The receptor for formylato&‘-peptides has been

studied extensively. It has an estimated molecular
> B

weight betYeeh 55,000 and 70,000 (Niedel et a;., 1980;
Painter ot al., 1982; Allen et al., 1986), and exists in
two affinity states; a high-affinity stath (Kp=0.5 nM)
representing ;pproxinatcly 258 of the total rcc.ptbvi

populatibn, and az low affinity state (Kp=24 nM),- (Koo .

et al., 1982; Mackin and Becker, 1982). There are
appfoxinatcly 55,000 txot-Lou#Phd’binding sites present

P g



per cell (Koo et al., 1982), and it has been postulated
thaf " an intracellular pool of receptors is recruited to
the plasma membrane during chemoattractant-induced
degranulation .(Fletcher aﬁd Gallin, 1983). Following
ligand binding, the receptor partakes of
receptor-mediated endocytosié Z(Sklar et al., 1984).
Receptors complexed in a high-affinity form have been
shown to form rapid association with~the contractile
elements (cytoskeletal system) in the neutrophil
cytoplasm (Painter et al., 1984; Jesaitis et al., 1984;
Jesaitis et al., 1985). This type of assocjation has
also been demonstrated with leukotriene B4 receptors
(Naccache et al., 1984). Since thesp events ‘precede
internalization, it 1is suggested that the association
between the ligand-receptor complex and the cytoskeleton
may be necessary for re&eptor-mediated endocytosis as
well as other cellular events involved in cellular shape

and movement.

B. THE INVOLVEMENT OF GUANINE NUCLEOTIDE-BINDING
REGULATORY PROTEINS |
Guanine nucleotide-binding regulatory proteins
(G-préteins) have been implicated inn a number of
receptor transductibn systems including the adenylate

‘-Eyclaso system (Gilman, 1984) and photoreceptors (Fung

24

et al., 1981). Oof the G-proteins known, all are '
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heterotrimers comgosed of alpha, beta, and gamma
subunits. The alpha subunits contain binding sites for
guanine nucleotides and F~ and most are substrates for

v&fious bacterial toxins which catalyze their adenosine

diphOSphafe-ribosylation. G-proteins represént a family
K . )
of homologous regulatory proteins whose function is to.

serve as transducers of information from receptors to

cellular effector systems.

Neutr;;Bils stimulated to phagocytose by the
introduction of starch particlqs, were shown to have an
increased metabolic turnover of inositol lipias
(Karnovsky and Wallach, 1961; Sastry and Hokin, 1966).
Using fMet-leu-Phe as a cellular stimulus, neutrophils

.were shown to ' 1ncorporate Aincrcangd amounts of 32p
into phosphatidylinositol which accompahied activation
of the respiratory burst, degranulation and calcium

_ fluxes (Bennet et al., 1980). " The hypothesis that

phospholipase C-mediated hydrolysis of ﬁolyphospho-
inositides 1is an early event in signal tranduction (see

next section), and that G-proécin- couple the
| fMet~-Leu-Phe receptor to phospholipalc c activation, has
been tested by several groups (Volpi et al., 19833 Yano
et al., 1983; Dougherty et al., 1984 érad£Of§ énd

25

Rubih, 1985). It has been demonstrated that conversion -

of the hiqh-afdnity form of the fMet-Leu-Phe r.c.ptor

to tho low atfinity form is rcgulatod hy guanine -

L
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nucleotides suggesting the involvement of a G-protein in
LY

cellular activation through the fMet-Leu-Phe receptor'

(Koo et al., 1983; Snyderman et al., 1984; Lad et al.,
1985a). In 1984, Bokoch and Gilman demonstrated a
direct association of a G-protein with occupancy of rhe
fMet-Leu~Phe receptor by utilizing perﬁussis toxin as a
G-protein probe of intact cells. ;. Treatment of cells
with pertussis toxin, which cataly%ically ipactivates
certain' G-proteins, Gi (Hildebrandt et al., 1983),
- resulted in the attenuation of fMet-Leu-Phe-stimulated

degranulation, arachiﬁenie acid metabolism and the

respiratory bu{gt.{ Subsequent studies with the toxin_

showved inhfbi‘.ﬁi of chemotaxis (Becker et al., 1985),
actin polymerization (Shefcyk et al., 1985), and
phagocytosis (Verghese et - al., 1985). " When direct
measurements of fMet-Leu-Phé receptor-stimulated
phosphatidylinositol breakdown were made, it was
observed that pertussis toxin' markedly inhibited this
procéess (Brandt et al., 1985; Smith et al., 1985; Volpi
et al., 1985). Usin§ membrane preparations from
neutrophils and other cellé in which an activatable
phoapholip;;e C was present, Smith and coworkers (1985)
demonstrated significant breakdown of phosphatidyl-
inositol 4,5-bisphésphate by ffMet-Leu-Phe ~only in the

presence of a guanine’ nucleotide. This breakdown was

26

totally blocked in membranes obtained from cells which
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had previously been treated with pertussis toxin.
Cockcroft and Gomperts (1985) demonstrated that phospha-
tfhylinositol hydrolysis and inositol phétfhate
production \in neutrophil plamta membranes could be
stimulated by guanine nucleotidts and diﬁplayed
sensitivity to pertussis toxin. Taken togethef, these
éindings provide. evidence for the involvenment .Of/lfi:\*;\
G-protein+~__similar to Gi of tﬂa adenylate cyclase '
sttem, in coupling surface receptors to phospholipase C
activation in thé neutrophil.

Neutrophil activation by other chemoattractants such
as C5a (Becker et al., 1985), leukotriene B, (Goldman
et. al., 1985), and platelet activating factor (Lad et
al., 19855:* Naccache et al., 1985), have been shown to
be seniitive‘ to pertussis - toxin suggesting that
receﬁtoig for these stimuli may also couple to
phospholipase C through the -pertussis toxin-sensitive

G-protein in & manner similar to fMet-Leu-Phe ;?coptotl.;

C. INOSITOL PHOSPHATES AND CALCIUM

Phospholipase C (1-phosphatidy11nositol-4 S-bisphos-
phate phosphodiestorase (EC 3 1.4.11]), catalyzol the ;
hydrolysis  of a spccitic class of =membrane
pncsphonpid-, the polyphosphatidylino-itqls, thersby
generating two intraccllular second nolsangcrs, inonitol
1,4,5-t:i;phosphatn and 1,2-diacqulycora1. R.pro-on-'
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tative of a minor component of the total membrane phos-
pholipids (Berridgj%ﬁ?984 Willinmson et al., 1985), the

phosphatidylinositides y exist in three forms, phosphati-

. -

dylinositol, phosphatidylinositol 4-phosphate, and -

phosphatidylinositol 4,5-bisphosphate, in a ratio of
approximately 90;5:3. - They appear in"the inner leaflet
of the plasma membrane in all eukaryotic cells where
they ‘become ‘éusceptible td hydrolytic cleavage by
phospholipage C. This enzyme ’feparateshthe inositol
phosphates from the glycero{ backbone to.form 1,2-d;—
acylgiycerol and either inos};ol 1lpﬁosphaté, inositol
1,2-cyclic - phosphate, inositoi\_ 1,43bisphosphate or

. inositol 1,4,5-trisphosphate (Putﬁey, 1982; Berridge,

1984; Berridge and Irvine, 1984, Hokin, 1985; Williamson
et al., 1985; Michell, 1986). Metqbolisi of 1,2-di-
cfgglycerol by a diglyceride lipase; leadé to the
formatjion of a monoacylglyceroln and agifagky aciq,
usually arachidonic acid. Alternativelys\l,zkdiacyl-
glycerol can be phosphorylated to phgsphapidic\acid\hy a
diglyceride kinase. Phosantidic acid is th;\precueor
for many phospholipids .including the phosphatidyl-
inositols. An_ additional pathway of phosphatidic ‘acid
metabolism is its hydrolysis to lysophosphatidic acid

afd arachidonic acid by a specific phospholipase A2°

The latter can give rise to eicosanoids such as '

prostaglandins, thromboxanes, prostacyclin and

-~



leukotrienes, all potent mediators ior inflammation.
Phospholipaoe A, 1s 4a cglcium%depéndent enzyme which
hydrolyzcsA other phosphoiipids, most notably,
phosphatidylcholine, providing another source of
arachidonic acid (Feinstein and Sha'afi, 1983; Decker,

1985). Figure 3 illustrates the pathways of poly-

Vphosphoinositide‘metabolism.

As mentioned in the previocus section, several
receptor ‘;ystems are able to‘stimulétc.tho turnover of
. S

membrane inositol phospholibids. Such systemo have also

been shown to mobilize intraceilulor calcium in response

"to 1ligand binding (Michell, ' 1975; Berridge, 1984).

Obser,!tions from studies performed with permeabilized

29

cell preparationo "have led to the proposal-that fhe

formatidn of inositol 1,4,5~-trisphosphate, rosulting '5
from the receptor-stimulated hydrolysis of phosphad'
‘tidylinositol "4 sdbisphosphate, is the primary ncchani-m
for intracellular calciun mobilization. In noutrdphili

systems permeabilized: to *allow inositol 1,4,5~tris~

phosphate' access to intracellular calcium ltoro-, thil
metabolite initigted _calcium release trom nonnité-
chondrial -stores atf concentrations oxpoetod fron tho
hydrolysis*® of phosphatidxlinositol 4 s-biqpho-phato (O 1
- 1.5 nn) (Prentki ot al., 198¢a). Vorification of thi-

8wis- 3T3 cells (Irvine et o;.,. 1984), poritondal
- Y AN : _ ,

4

frosult has been ‘obtained in othor ccll types including'.



Figure 3: The metabolism of inosdtol phospho-
lipids and diacylglycerol.
PtdIns - phosphatidylinositol
PtdIhs(4)P - phosphatidylinositol 4-phosphate
ptdIns(4,5)P, -~ phosphatidylinositol 4,5-bis-
phosphate
PLC;- phospholipase C
DAG - 1,2-diacylglycerol
Ins(1,4,5)P5 - inositol 1,4,5-trisphosphate
Ins(1,4)P, - inositol 1,4-bisphosphate
}1ns(13p - inositol l—phogphate
Ins - inositol
PA - phosphatidic acid
PKC -~ profein kinase C
ER - endoplasmic reticulum
ATP - dgenosine triphosphate
CTP - cytidine triphosphate

éﬁP - cytidine monophosphate

a - inositol trisphosphate 5';phosphomonoesterase
. ] o
b - diglyceride kinase

0
L}

diglyceride lipase

Q -
L

phospholipase A,
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macrophages (Hirata et al., 1984), and hepatocytes
(Burgess et al., 1984). 1In platelets and photoreceptor
cells, inositol 1,2-cyclic phosphate was shown t? cause
a release of calcium from intracellular stores (Wilson
et al., 1985i, Thus, in addition to inositol 1,4,5-
trisphosphate, this cyclic metabolite may 'also
' contribute to the mobilization of intracellular calcium.

Localization of the stores of intracellular calciym

has been achieved through studies on subcellular

fractions of hepatocytes (Dawson and Irvine, 1984; Spat

et al., 1986), platelets (O'Rourke et al., 1985),
neutrophils (Spat et al., 1986¢), and insulinoma cells
(Prentki et al, 1984Db). All studies 1indicate that

inositol 1,4,5-trisphosphate-stimulated calcium release
is originating from the smooth endoplamsic reticulum.

An i§§ortant aspect concerning the function of
inositol 1,4,5-trisphosphate as a second messenger is
that of ¢timing: Its production by the stimulated cell
must precede the mobilization of intracellular calcium
and its presence must be transient, that 1is, its
production must be halted soon afta£ it is produced.
Inositol 1,4,5-trisphosphate formation by stimulated
calliphora salivary glands (Berridge, 1983; Berridge et
al., 1984), hgbatocytes (Thomas et al., 1984), and GH,4

cells (Drummond et al., 1985), was immediate and

~ preceded the physiological responses of these cells.
/
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InosiEol 1,4,5-trisphosphate 5'-phosphomonoesterase
(Downes et al., 1982) is responsiblg for the attenuation
of the’second messenger activity of inositol 1,4,5-tris-
phosphate. Iézremoves phosphate from the S5-position to
produce inositol 1,4-bisphosphate, which 1lacks the
ability to mobilize 1ntr;cellular éalchn{. Other
enzymes remove the phosphates from inositol 1,4-bis-
phosphate gg regeggrate inositol and suﬁsoquently,
formation of the phosphoinositides (Berridge and IrQ&ne,
1984). Thus, the transient appearance of inositol
1,4,5-trisphosphate is sufficient for it to function as
a second messenger. )

The maintenance of calcihm homeostasis by cells is a
remarkable achievement due ¢to the 5,000 to 10,000-fold
calcium concentréﬁion gradient across - the plasma
membrane. The cytosolic calcium concentration-~in rest-
ing cells ranges tréﬁ 100. to 200 nM, whereas, in the
extracellular fluid, concentrations are normally in the
millimolar range. After cellular stimulation, cytosolic
calcium levels rise to micromolar levels, however,

homeostasis is maintained by a low natural permeability

of the plasma membrane to calcium and by at least two
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adenosine triphosphate-dependent nochanignn by_ wvhich

calcium is pumped out of the cell against the gradient:
(1) a calcium transport adenosine triphosphatase or

calcium pump, and (2) a sodium-calcium exchanger, driven



by the sodium gradient, which is maintained by sodium-
»

‘potassium adenosine triphosphatase (Blaustein, 1974;

carafoli and Zurini, 1982: Schatzman, 1985). Addition-

ally, calcium released into the cell cytosol during
activation may re-enter its internal storage site.
Calcium has been shown to be involved 1in the
regulation of numerous physiological and biochemical
processes of the lell (Rasmussen, 1970; Berridge, 1975;
Rasmussen aﬁd Goodman, 1977). Its roles in cellular

&~
regulation are mediated by its interaction with various

intracellular calcium-binding prote}ns such as troponin’

C, §8-100 protein, parvalbumin, ocalmodulin and several
protein kinases (Kretsinger, 1980). Ubiquitous to all
eukaryotic cells, calmodulin is the major mediator of
calcium action (Kakiuchi and Yamazaki, 1970). This
protein shows high affinities toward calcium (Teo and
Wang, ' 1973), and can undergo " calcium-dependent
.associations .with, and regulation of, numerous enzymes
(Teshima and Kakiuchi, 1974; Lin et al., 1975).
Calmodulin has been Hemonstrated to regulate énzymes
involved 1in the metabbliqm of glycogen, calcium, cyclic
nucleotides as well as contractile processes, many of

which involve calmodulin-stigrlatad protein kinases and

phosphatases. Free, inactive calmodulin is converted to

\'\

an active conformation by the binding of calcium. A

total of four calcium ions bind to calmodulin with

34



affinities ranging from 10™® to 1074 M, which then
associates with various target enzymes and modulates
their functioning (Wang et al., 1975). The biﬁding of
calcium results in a 10 to 100 ﬁhous%nd-fold increaserin
the affinity of calmodulin for its target enzymes. A
schematic representation of calmodulin regulatory
processes is presented in Figure 4.
D. DIACLI}GMLYCEROL AN® PROTEIN KINASE C

Almost coincident.. with thé discovery by Berridge
(1983) that inositol 1,4,5-trisphosphate, an oaghy
product  of phosphatidylinositol 4,5-bisphosphate

hydrolysis, serves as a mediator of calcium mobilization

from an intracellular store, was the evidence of

Nishizuka and his colleagues concerning

1,2-diacylglycerol, the other .produdt of this pathway,

as an activator of a special kinase, protein kinase C

(Takai et al., 1979a; Kishimoto et al., 1980; Mori et

al., 1980; Kawahara et al., 1980; Sano et al., 1983).
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His . group also postulated that the uignal pathway

through protein kinase C-mediated protein phos-

phorylation was separate from, and often synergistic to,

the inositol = 1,4,5-trisphosphate-mediated calcium

signalling pathway in controlling various cqllu;ar
functions. - '

Protein -kinase C was first discovered ﬁy Nishizuka



Figure 4: Calmodulin regulatory pathways.

[Ca2+]i - intracellular calcium concentration
CaM - calmodulin

(Wang et al., 1985)



Page 37 has been removed because ;of the
inavailability of copyright permission. The
material included ga pathway of protein regulation
via calcium and calmodulin taken from Wang, J.H.,
Pallen, C.J., Sharma, R.K, Adachi, A.-M., Adachi,

[

K. Cur. Top. Cell Reg. 27, 419, 1985.



and coworkers in 1977 (Inoue \‘F al., 1977). 1t is

widely distributed in animals (Kuo et al., 1980), and

occurs in many tissues and organs within the same
organism. It consists of one polypeptide with a
relative molecular weight of approximately 77,000.
Protein kinase ¢ is a sérine and threonine ggotein
kinase which requires calcium and phospholipid
(primarily phosphatidylserine), for its acfivation. The
binding of 1,2-diacylglycerol dramatically increases the
affinity ot this eﬁzyme for calcium (<10~7 M),
rendering k6 it fully active without a net increase in
cellular calcium coﬁeentration (Kishimoto et al., 1980;
Kaibuchi et al., 1981).

When tested in vitro, protein kinase C-.displays
broad substrate specificity (see {Table I1I). It
phosphorylates proteins at serine and threonine residues
with ‘particular preference for those hydroxy amino acids

located at the amino terminal end of the polypeptide

(Krebs and Bedvo; 1979). - As well, basic amino racid

residues flank the amino and carboxyl ends of the seryl

and threonyl sites of the target pr in (Kishimoto et
al., 1985). The enzyme can underg¢{ autophosphorylation
in the presence of calcium, P spholipid and
diacylglycerél, although the significance of this

reaction is unknown at present.
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Protein kinase <€ can be activated by 1limited
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Table II:

EGF receptor

insulin receptor
somatomedin C receptor
transferrin receptor
IL2 receptor
B-adrenergic receptbr

IgE receptor

Membrane proteins

CaZ*-transport ATPase
Nat/K* ATBase
Na* channel pkotein
glucose transporter
G-protein

HLA antigen

myosin light chain
troponin T and I

vinculin

L 4

filamin -
caldesmén

microtubule proteins
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Various substrates of protein kinase C.

Enzymes

glycdgen phosphorylase kinase
glycogen synthase
phosphofructokinase

HMG CoA reductase
tyrosine hydroxylase
NADPH oxidase

cytochrome P450

guanylate cyclase

DNA methylase

myosin light chain kinase

initiator factor 2

- Other proteins

fibfinogen _
retinoid-binding protein
vitamin D-binding protein
ribosomal S6 protein

GABA modulin

stress proteins
nyolin‘balic protein
high-mobility group proteins

‘middle T antigen

pp608TC protein



proteolysis with calcium-dependent thiol proteases
(calpain), into two functionally distinct domains: (1)

a hydrophilic, 50 kD, functional; catalytic domain

(Inoue et al., 1977; Takai et al., 1977; Kishimoto et
al., 1983a; Tapley and Murray, 1985; Melloni et al.,
1986), and (2) a hydrophobic, 32 kD, polypeptide

regulatory domain containing the calcium, phospholipid
and diacylglycerol binding sites (Lee;and Bell, 1986).
The 50 kD catalytic domain retains the ability to
function as a protein kinase, however, it has lost its
calcium and phospholipid dependencies. These serine
pFoteases, whicp are activated at 1 to 10 pM calcium,
preferentially cleave membrane-bound protein kinase C,
although, the physiological signi:icance of this
reaction is currently under investigation (Tapley and
Murray, 1984; Melloni et al., 1985; Melloni et al.,
1986) . )

In most cells, under normal conditions, protein
kinase C° is recovered mainly from the soluble fraction.
However, upon cellular activation, this enzyme is
recovered in the membrane fraction of_ the cell, a
’process often referred to as translocation (Kraft and
Anderson, 1983; Hirota et al., 1985; Wolf et al., 1985a;
' Wolf et al., 1985b). It remains uncertain as to how

this redistribution process occurs. One suggestion is

40

that diacylgiycerol mediates the translocation from a -



-
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soluble, inactive, cytosolic enzYme to an activated,
membrane-associated form. Another hypothesis suggests
that inactive protein kinase C exists 1in a state of
Toose association with the  plasma membrane. o When
activateq! the transient appearance of diacylglycerol
somehow intensifies the kinase's association with the
membrane (Kraft and Anderson, 1983). This theory has
been substantiated by the studies of Helfman and
coworkers (1583) who reported that the apparent
cytosolic localization of ©protein kinase c in
unstimulated <cells was an artifact resulting rrom
calcjum chelation by the EDTA-containing buffer used
during cellular homogenization. In the absence of
chelators during cell disruption, thio group found Ehat
protein kinase C expfessed a weak affinity for the
membrane fractioh charaoteristic of a plasma membrane
associated protein.

A  highly specific lipid-protein interaction is

required for complete protein kinase C activation.

Mono- and triacylglycerols have been shown to lack

stimulatory activity toward protein kinase C (Kishimoto

et . al., 1980). Diacylglyconols of the 1,2 configuration
podsess the capacity to activate protoin kina-o C. - They

ﬁgéntain 1t least one unsaturated fatty acid, commonly

arachidonic acid, at position 2 (Mori et al., f982).

Studies of Rando and Young (1984) have demonstrated that



2,3- and 1,3-diacylglycerols are completely ineffectual

as protein kinase C activators. It has been postulated

that appfoximately one molecule of diacylglycerol has

the potential to activate protein kinase C 1in the
]

presence of between 4 and 10 molecules of phospha-

tidylserine (Hannun et al., 1985; Ganong et al., 1986).

Transiency was demonstrated for the stimulated

production of inositbl'1,4,5—trisphosphate. Analogous-
ly, 1,2-diacylglycerol formation and appearance in cell
membranes 1is also transient. Within a very short éime
after its formation, this 1lipid %s rapidly metabolized
(Kikkawa et ‘al.g 1983; Sano_ et al., 1983; Fisher, et

al., 1984; Majerus et al., 1985; Downes and Michell,

1985), due to both its phosphorylation to phosphatidic

acid and subsequent channelling ‘back to inositol
phospholipids or to its degradation by diglyceride
lipase to arachidonic acid (see Figure 3). Although
pfotein kinase ¢ 1is active for'brief_éeriods of ;%?e,
the results of enzyme activation may persist depending
upon thev_ggqbility of the phosphate covalently attached
‘to each substrate. | |

Dihacylglycerols, ~such as diblein, cannot.be readily
incquorated into the plasma membrane' when added
exogenously to cells. Synthetic diacylglycerols have
been prepared whiéh readily intercalate into ‘the cell

membrane and activate the kinase diredt;y,in the absence

>
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of phosphoinositide turnover. Examples of these are
l-oleoyl-2-acetylglycerol (Nishizuka, 1984a; Nishizuka,
1984Db), 1,2-didecanoylglycerol, .» and . 1,2-dioctanoly-
glycerol (Lapetina et ;i., 1985). These compounds have
been utilized'experimentally,tg explore protein kinase C
activity; Structurally similar to diacf}giyceroi are
the phorbol ester . tumour prombtors, 12-07totrq-
decanoyl-phorbol-13-acetate (TPA) being a prototype.
These compounds were first isolated from the oil of the
seed Crotum tiglium and have since been found to be
pofent gctivators of protein kinase C in vitro as well
as jin vivo (Castagna ~et4 al., 1982; Yamanilhi et al.,

1983). Phorbol esters -are hydrophobic agents which

resemble diacylglycerol by virtue of their acyl moieties
on positions 12 and 13 of their third ring (see Figure

5). . Tumour promotin§¢agents structurally unrelated to

Fhe phorbol esters have also been shown to activate
protein kinase C. Examples include aplysia toxin,
débromoaplygia toxin, teleoci#in, and mezerein (Fujiki
et all, 1984; Miyake et al., 1984; COuturiQr et al.,

1984) It has been propose& that thclo agents alter

‘ membrane properties which results in activation of the

kinase.

. ?

Like diacylglycorol,’ phorbol cltors incroa-o tho

affinity of protein kinasn c for calciunq ro-ulting in'
full sactivation ~of the enzyme at phyqiological calciun»_ 
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Figure 5: Structures of synthetic diacyl-
glyceroli and a tumour-promoting
phorbol ester. |

>
TPA contains a diacylglycerol-like
structure as shown in the dotted figure.

(Nishizuka, 1984a)



’
Page 45 has been removed because of the
inavailability of copyright permission. The
material included the molecular structures of

l-oleoyl-2-acetyl glycerol and 12-O-tetradecanoyl-
phorbol-13-acetate taken frgm Nishizuka, {. Nature

(London) 308, 693, 1984.
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conoentrations. Thus, phorbol esters capabre'of tumour
promotion are able to mimic the effect of diacylglyceroi
in \activating protein kinase C (Castagna et al., 1982).
In addition, it has been shown that protein kinase C

functions as the endogenous receptor protein for tumour

pgglotors (Niedel et al., 1983; Nishihira and
O'Flaherty, 1985; Koénig et al., 1985; Jeng et al.,
1986) . However, since phorbol esters cannot rapidly be

degraded by the endogenous enzymes which 1inactivate
diacylglycerol, prolongation of cellular responsiveness
results upon exposure to these agents. This property
may be, in part, responsible for their hyperplasiogenic
activities.

Recently, Parker and coworkers (1986) elucidated the
complete amino acid sequence of protein kinase C using
segquence analysis and recomﬁinant DNA technology.
Antibodies to specific regions of the polypeptide were

’prepared to probe the domain structure predicted for the
kinase and to provide clues to the structure and
function of this protein. An interesting feature,

;R\pr;sent at the amino terminus, is a tandem repeat
containing s8ix cysteine residues. Each repeat possesses
the sequence ?ys-xz-ch-xl3-Cys-xz-Cys, a pattern
observed for various other classes of proteins (Berg,

1986). These include cert;in cytochromes c, iron-sulfur

proteins, small disulfide-rich proteins such as toxins,
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hormones and protease inhibitors, high-sulfur keratins,
metallothioneigs, and proteins implicated 1in nucleic
acid binding. The cysteine-rich region of protein
kinase C has génerated much interest in that it has the
potential to interact with DNA as well as possessing
characteristics of a metalloprotein. .
Preceding the catalytic domain of the protein is a
stretch of apéyoximately 200 amino acids. The only

calcium-binding ,site which bears structural resemblance

" to the binding domain in other calcium-binding proteins

such as calmodulin (van Eldik et al., 1982), is located
here. The' catalytic moiety, demonstrated to be
proteolytically activated in vitro by limited

trypsinolysis (Inoue et al., 1977), was found to have a

—

domain 1limit between 43 and 47 kD. This correlated

well with the 43 to 50 kD protein estimated by gel
filtration chromatography. This catalytic domain was
found to be structurally homologous to other serine,
threonine and tyrosine protein kinases.

Based on trypsinization studies and the known
requirements for full protein kinase C activity, a model
was predicted for the activation of this enzyme (Figure
6). The hinge region located between the rcéulatory and
catalytic domains, is the liti of proteolytic cleavage.
In this model, a single regulato domain maintains a
cat@lytic domain in an inactivVe :tEZ. until ligand is

e .
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Figure 6: Model fo&ﬁ) protein kinase ol

activation.

DG - diacylglycerol : k
P-1ipid - phospholipid

Sub ~ substrate binding site

ATP - adenosine triphosphate

ca?t - calclum

CANP - calpain

(Parker et al., 1986)



Page 49 has been removed because of the
inavailability of copyright permission. The
material included a model for .protein kinase C
activation taken from Parker, P.J., Coussens, L.,
Totty, N., Rhee, L., Young, S., Chen, E., Stabel,
S., Waterfield, M.D., Ullrich, A. Science 233,

853, 1986.



-

bound. This type of séructure has also been identified
for the cyclic guanosine monophosphate-dependent protein
kinase, where it has been predicted that this enzyme was
derived from the fusion of two genes; one coding for the
regulatory domain, and the other for the catalytic
domain.

The work of Coussens and :coworkers (1986) has

changed the popular perception of protein kinase C as a

single protein involved 1in cellular regulation and

proliferation. Using in gsitu hybridization and Southern
analysis, they have 1localized a family of three genes,
coding for alpha, beta, and' gamma foxms of protein
kinase C, to distinct chromosomes in the bovine, human
and rat genome. These genes encode for polypeptides
that are indistinguishable by phfsical and functional
analyses. Thus, the diversity of cellular responses
observed in various studies may be due to the activation

of one or more of these polypeptides.

E. COORDINATED REGULATION OF CELLULAR FUNCTIONS
Receptor-mediated polyphosphoinositide breakdown
initiates two responses in the cell; the generation of a
calcium-releasing inositol 1,4,5-trisphosphate, and a
protein kinase C-activating diacylglycerol. Studies

demonstrating the . independent induction of calcium

mobilization and protein kinase C activation have.
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employed the exogenoﬁs addition of a calcium ionophore
and either a synthetic diacyiglycerol or a phorbol ester
tumour promotor, respectively. Initial studies of this
type were performed on platelets since the bifurcating
pathways can be easily monitored by measuring the
phosphorylation of either a 40 or 20 kD protein.
Platelets respond to thrombin, platelet aétivating
factor, | collagen and o;her stimuli, by secreting
lysosomal enzymes, seroionin, ADP, growth factors, and
various other constituents. When thrombin binds to its
cell surfaca receptor on the platelet, there is a prompt
hydrolysis of phosphatidylinositol 4,5-bisphosphate
resulting in the production of inositel 1,4,5-tris-
phosphate and 1,2-diacylglycerol, followed by increases
in the 1levels of phosphatidic’acid and arachidonic acid
(Rink et al., 1985; Feinstein et al., 1985).

Consequently, there is a transient increase in
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intracellular calcium concentration which results from

both the release from an intracellular pool and an
increase in the rate of calcium influx from the
" extracellular fluid (Rink et al., 1985); The” subsequent
activation of calno@ulin-depcndpnt' protein -kinases,
myosin 1light chain kinal;Aand protcin kinase C, rll%ltl
in the ‘cqnconitant phospliorylation of specific pfotoin
substrates, namely, myosin 1light chain (a 20 XD

-

protein), and a ‘4o”xn protein of unknown origin’(nyons



et al., 1975; Haslam and Lynham, 1977; Kawahara et al.,
1980; Ieyasu et al., 1982; Kaibdchi et al., 1983; Sano
et al., 1983). Activation of protein kinase C directly
promotes the phosphorylation of the 40 kD substrate

exclusively, whereas, the calcium ionophore, A23187,
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promotes ‘phosphorylation of the 20 kD substrate. It has -’

been shown that protein kinase C activation and calciﬁm
mobilization synergistically elicit élatelet responses
of serotonin and 1lysosomal enzyme release as well as
phosphorylation of both protein substrates (Kaibuchi et
al., 1982; Kaibuchi et al., 1983; Yamanishi et al.,
1983; Kajikawa et al., 1983); Thié type of synergism
has also been noted in many.other cell systéﬁs involving
immediate responses similar to those of the platelet
(see » Table III), and such 1long-term responses as
cellular proliferation and gene expression (Mastro and
Mueller, 1974; Watanabe et al., 1981; Wilkinson and
Morris, 1983; Zatz, 1985; oOtani et}al., 1985; Jetten et
al., 1985; Johnson et al., 1985; Degen et al., 1985; de
Bustros et . al., 1985; Murdoch et al., 1985; Siebert and
Fukuda, 1985).

Theu neutrophil is an interesting and complicated

cell in which to study the coordinated involvement of

protein kinase C and calcium in the regulation of its
responses. Studies focusing Zy/'activation of the

respiratory = burst have furnish d both positive and



Page 53 has been removed becauée of the
inavailability of copyriéht permission. The
material included a table 1listing the immediate
Eellulaf responses under dual regulation by protein
kinase C and calcium taken from Takai, Y.,
Kaibuchi, K., Tsuda, T., Hoshijima, M. J. cCell.

Biochem. 29, 143, 1985.



negative evidence for the involvement of either one or
both of these regulatory components. FMet-Leu-Phe,
leukotriene B,, concanavalin A, platelet activating
factor, A23187 and opsonized zymosan, have all been
shown to activate the neutrophil reépiratory burst
subsequent to an initial rise in intracaliular calcium
‘concentration (Naccache et al., 1979; Hoffstein, 1979;
Mottola and Romeo, 1982; Pozzan et al., 1983; White et
al., 1983; Fujita et al., 1984; Korchak et al., 1984;
Lew et al., 1984a; Volpi et al., 1984; Gennaro et al.,
1%84; Ohta et val., 1985; Lew et al., 1985; Lad et al.,
1985c; Bawyer, et al., 1985). Neutrophils depleted of
calcium could not elicit a respiratory burst upon
eiposure to these agents (Lew et al., ;984b: Grzeskowiak
et al., 1486). Other studies have provided evidence
against an involvement of calcium in the activation of
the respiratory burst. Ionomycin, a calcium ionophore,
induces a similar increase in intracellular calcium
concentration to that of fMet-Leu-Phe, yet it is unable

to activate the respiratory burst (Pozzan et al.,

1983). The respiratory burst can be induced by direct

activators of protein kinase ¢ in normal and calcium-
depeleted neutrophils 'Y (Divirgilio et al., 1?84;
Grzeskowiak et al., 1986). This has been shown to be
associated with an increase in protein phosphorylation

and' shows sensitivity to various inhibitors of protein

4 E

‘
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kinasev C (Helfman et al., 1983; White et al., 1984;
Fujita et al., 1984; Cooke and Hallett, 1985; Gerard et
al., 1986). Translocation of protein kinase C from the
neutrophil cytosol to the plasma membrane was also
demonstraﬁéd when the respiratory burst was activated by
TPA (Wblfson et al., 1985; Myers et al., 1985; Gennaro
et al., 1986; Nishihira QX'al., 1986; Pontremoli et al.,
1986). When calcium-depleted neutrophils were treate&/
with a non-sﬁimulatory dose of TPA, fMet-Leu-Phe was
able to activate the respiratory burst (Grzeskowiak et
al., 1986). This form of synergism was also evident
using the.‘synthatic diacylglycerol; l-oleoyl-2-acetyl
glycerol as a protein kinase C activator (Dewald et al.,
1984). Studies of.Bromberg and Pick (1984) and Heyneman
and Vercauteren (1984),3 involving the activation of
neutrophil NADPH oxidase in a cell-free systenm,
indicated tﬁ;t a cytosolic fzactor was required for
complete activation of the enzyme complex. ‘ This
requirement was sa;istied when the factor wai'lubstitgt-
ed by purified prote}n kinase ‘c (Bromberg and Pick,
19843 Heynq.!h and Voréautoran, 1584: Bromberg and Pick,
1985; McPhail et al., 1985; Curnette, 1985; Cox et al.,
1985). :

Although an incfoaso in  intracellular calcium

concentration  may be necessary for neutrophil

55

degranul;tion‘ and chemotaxis, its role in the icfivation__



of the respiratory burst remains obscure. With some
cellular stimuli, calcium may be required to elicit a
regponse. For example, leukotriene By concénavalin
A, and platelet . activating factor do- not promote
translocation of protein kinase C in their activation of
the respiratory burst (Nishihira et al., 1986).~ In
other situations, an increase in calcium concentration
may not be\\sufticient to elicit this response without
coexisting with other signals. Oon the other hand,
evidence seems to favour the active involvement of
protein kinase C, with or without a concomitant rise in

intracellular calcium concentration, in the elicitation

of the respiratory burst.

IIT OBJECTIVES

The underlying theme of this research project is to
elucidate the hechanism(s) by which gold coordination
complexes _ manifeét tpeir ép vitro antiinflammatory
effects. The neutrophil will be utilized as a model
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cell in which to study signal-response coupling and the °

altorationqq in - this schenme produced by the presence of
gold compounds.

Initial studies will focus on the pﬂysiologicél
functions of the neutrophil stimulated by soluble

agents, such as degranulation, arachidonate metabo6lism,

~and the respiratory burst. The products of these'



\ .
cellular responses, hydrolytic enzymes, eicosanoids, and

octive o\ gen species, respectively, are all potent
mediators of inflammation. The gold compound AUR has
previously been shown to suppress neutrophil
degranulation stimulated by particulate and soluble
agents® (DiMartino and Walz,  1977; Finkelstein et al.,
1977; Finkelstgin et al., 1982; Hafstrém et al., 1983a;
Hafstrém et al., 1983b; Coates et al., 1983; Hafstrdm et
al., 1984a). At similar concentrations,'thgkgeneration
of suporoxide anions was suppressed by AUR (Hafstrém et
al., 1983a; Davis et al., 1983; Coates et al., 19837
Roisman et al., 1983). An alteration in' neutrophil de
nove eicosanoid production by the Bold compounds has not

yet 'been investigated. To complement previous studies,

these cell functions will be examined in an attempt to

localize the action of the {ﬁ gold compound(s) to
components of the signal transduction cascade.
The generation of superoxidoab anions by the

L4

neutrophil iségnlicited by agantl such as fMet-Leu-Phe

which bind to specific ;eceptors on tho plasma membrane, .

F~ which’ aéis at the 1evel of a G-protoin, and phorbol

esters which dircctry activato grotoin kingso C. Thus,
by measuring the roupiratory burlt induood by oach ot

these agents in colln troatod with oithor AUR or GST, it

may- be. possiblc to olininato oortain arl. of tbor

' transduction ' schene and focul on* othoru whioh nay boﬁ
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targets of gold drug action.

Localization of gold drug action in the neutrophil
will be probed further by investigatf%g elements of the
signal transduct;on sequence .independently of éne
another. Inositol 1,4,5-trisphosphate production by the
action orv phospholipase C on phoshatidylinositol 4.5-
bisphosphate, will be monitored indirectly by measuring

s
recepto;—mediatéd stimuli, since this metabolite possess
the ability to mobdélize intracellular calcium stores.

Protein kinase C activity is recovered ﬁrimarily in ébe

cytosol of resting cells.i?A direct effect of the gold‘

drugs on the activity of thi;‘ enz§%§\ will be
investigated. In addition, an alternate source of
partially purified prgzein kinase ¢ will b? utilized to
determine whether the effect of the drugs, if any, is
céll specific. Si;ce callular activation .can be
identified by a redistribution of protein kinase C
activity from the cytosolic to the pafticﬁlate cellular

\

fraction, it will be possible to monitor the effects of

i)

the 'gold compounds on this activation process. To

overcome possible aberrations in»_ enzyme activity

measurements, fh; ,fractipns will also be probed with

qualitati&ﬁ'eviaonce of translocation.

The proposed structure of protein kinase ¢ is a

-

Ty \
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‘changes in intracellular calcium 1levels induced by

. polycional anﬁi;p;otnin kinase ¢ antibodies‘to pro&ide .



single polypeptide composed of two domains, a regulatory
domain and a catalytic domain. It is possible that if
the gold compounds were found to alter enzymatic
act{vity, that this could occur via interference with
ligand binding (the regulatory domain), or alternative-
ly, with its kinase activity (catalytic domain). To
complement the enzyme ;assays, protein kinase C binding
assays will also be performed using a phorbol ester
ligand.

Subsequent to increased leviis of intracellular
galcium and activation of protein kinase C that arise in
the _activated cell 1is the phosphorylation of intracel-
lular target proteins. Protein phosphorylation is
mediated by calcium and calmodulin-dependent kinases,

.protein kinase c, cyclic adenosine monophosphate-
dependent bkinase , as well as other onzymt’. Shese main
phosphorylation pathways can be stimulated independently
of one another making it possible to study each kinase

function and its susceptibility to gold drugs.
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CHAPTER TWO

MATERIALS AND METHODS / -
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A. MATERIALS

The following reagents were purchased from Sigma
Chemical Co., St. Louis, Missouri: Trizma base, histone
>type III-S, 1,2-diolein, L-alpha-phosphatidyl-L-serine,
adenosine triphosphate,‘ “caselin, NP-40, lactate
dehydrogenase, trypan blue, NAD, NADPH, lysoi e,
Microccocus 1lysodeikticus, cytochalasin B, fMet-Leu-Phe,
B-glucuronidase, phenclphthalein glucuronide,
arachidonic acid, fetal calf serum, ferricytosthrome c
type VI, xanthine, ( xanthine oxidase, BSA, PMSF;
leupeptin, Triton X-100, dithiothreitol, poiyethylene
glycol 6000 and trichloroacetic acid. \\

Both ﬂBSS and Hepes were purchased from Gibco
Laboratories, Grand Island, New York. |

Ficoll-Paque was obtained from Pharmacia Inc.,
i

Dorvall, Quebec.

The following reagénts were purchased from Bio-Rad

Laboratories, Richmond, California: SDS, acrylamide,

bis-acrylamide, TEMED, bromphenol blue, Coomassie Blue

. R=-250, SDS-PAGE low MWt standards, 2Zeta-probe membrane
and glycine. ; " .
Human gamma-globulin was oupﬁliod‘lby Connaught
Laboratories Ltd., éillowdalc,JOntario.
Nitrocellulose membranes, 0.45 pum,- were hﬁfchalcd

from Mandel Sclontffic.CO;: Rockwood, . Ontario.
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TPA, phorbol 12,13-dibutyrate, Quin 2, Quin 2/AM and
Fura 2/AM were purchased from CalBiochem Brand Bio-
chemicals, San Diego, California.

The Folin-Ciocaltep reagent, ammonium persulfate and
urea were obtained from Fisher Scientific Co., Fairlawn,
New York.

Carrier free [32P] orthophosphate was supplied by
ICN Biomedicals canada Ltd., Montreal, Quebec. [y -
32P]ATP was from Amersh;m Canada Ltd., Oakville,
Ontario. [3H]phorbol 12,13-dibutyrate, the [3H]-
leukotriene radioimmunocassay kit and [14,15-3H]-
leukotridne B, for wuse in the leukotriene B,
radioimmunocagsay, were purchased from NEN Dupont Canada,
Inc., Lachine, Quebec.

Kodak XAR5 film was - purchased Erom Eastman Kodak
Co., Rochester, New York. N

The antirheumatic compound, AUR, was a girt from

Smith, Kline and French Laboratories, Philadelphia,

Peﬁnsylvan%;. GST was a gift from Poulenc, Montreal,
Quebec. i

X .

f/\ The leukotriene B, standard and leukotrignq‘ B,

antibody were purchased from Welmark Diagnostics Inc.,
Guelph, ontario. The {3H]prostaqlandin‘ E,

radioimmunoassay kit was purchased f;om'Seragén Inc.,

j;Olton, Massachusetts.

All remaining chemicals were reagent grade.

-~

| Y
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All buffers were prepared in deionized, distilled
water filtered through a Millipore RQ Water Purifier.
Most reagents were water-soluble and were prepared at
the required concentrations either in water or in a
suitable buffer. - AUR was dissolved directly in ethanol
and diluted in either .wgte: or buffer as indicated.
TPA, phorbol 12,13-dibutryate; phosphatidylserine,
.diolein, cytochalasin B, arachidonic acid, Quin 2, Quin
2/AM, Fura 2/AM, PMSF and 1leupeptin were initially
dissolved in Me,SO and used at a final concentration
of Me,SO that did not interfere with .cdiiuléﬁ
functioning (Wong and Chew, 1982). '

125I-protein A was prepared according to the

method of Brown et al. (1979) by Dr. David B. Glass and

Dr. Laura A. Uphouse, Atlanta, Georgia.

B. ISOLATION OF NEUTROPHILS ' ‘,
Venous blood was drawn from . healthy human volunteers
into ﬁeparinized tubes. After centrifugation at 400 x
g for 10 min, the plasma was removed and the compacted
blood celhs were rosuspendéd ‘in Hanks' Balanced Salt ‘
Solution (HBSS, composi;ioni 137 mM NaCl; 5.4 mM XCl;
4.2 mM NaHCO;; 5.6 mM.glucose; 1.6 mM CaCly; 0.5 mM
Mgcl,s 0.4 mM MgSO, 0.4 mM KHPO; 0.3 -mM
Na,HPO,; PH 7). ‘Polyproby_}oxgp tubes” were "‘}xlod‘ in
ail. subsequent stgéu 6'£ n‘;,if.rophi,l 'hofa'ﬁio'n. and

. - -



handling as these cells have a tendency to adhere to
glass. The cell suspension was gently layered on
Ficoll-Paque, a 1low viscosity, erythrocyte aggregating
agent, and centrifuged for 30 min at 400 x g.
Aggregated erythrocytes as well as neutrophils
sedimented completely through the Ficolf—Paque. Due to
their lower denﬁity, mononuclear cells were unable to
penetrate the Ficoll-Pague and were found at the
intetrface between this agent and the HBSS medium (Boyum,
1968). The erytﬁrocyte-neutrophil pellet was
resuspended in - a hypotonic salt solution (0.15 M
NH4C17 0.01 M NaHCO4:; 0.1 mM ANazEDTA; pPH 7.2), to
achieve lysis of the erythrocyte component. The
remaiﬁing neutrofils wére washed in HBSS and cell
density was adjusted using a Coulter counter, Modé; ZBI
high-speed electronic particle counter. On aberage,.a
cell yieid? of 1-5 x 108 cells/mL of whole blood was
obtained héing this procedure with >95% neutrophils as
| determined by microscopic inspeifion; o
C. 'CELLULAR VIABILITY

Cellular viability was examined using both the
' trypaﬁr blue exclusion criteria and the lactate
dcbydréééndso ‘(LDH) -assay. frypan' blue exclusion
criteria - for cell dfath involved a 1:1 d;luti;n of cells
(107/mL), toc trypan blue dye (0.5% in phosphate

4
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buffered s?ligéi placed on a Neubauer hemogytometer and
a percentage of viable cells calculated. Dead cells
appeared blue under the 1light microscope due to the

uptake of dye.

LDH (EC 1.1.1.27) assays were performed as

previously reported by Wacker et al. (1956). Lactats
dehydrogenase is a cytosolic enzyme and its release into
the extracellular medium can be viewed as a criterkon
for cellular cytotoxicity. Thié enzyme, in the presence
of L-lactate, catalyzes the reduction of the
diphosphopyridine nucleotide, B-nicotinamide adenine
dinucleotideA (NAD), with ghe concomitant generation of

pyruvate:
L-lactate + NAD =---=-- > L-pyruvate + NADH + H'

The. presence of LDH was indicated by the raduct{gn of
NAD which was moniéored ~ spectrophotometrically by an
increase ‘in optical density at 340 nm, with a slit width
of 1 ‘nm, against a blank containing 0.05 M NAD, pH 7.5,
Reaction mixtures consistod of 0.75 mL,sodium phonph‘i

buffer ’ (0.1 M 1Na2HPO4, pH 8. 8)3 0,5 alL ~sodium
lactate (0.16 M, PpH 7.0); 0.15 n NAD (0.05 M, pH 7.5),
and 0.} »mL of 15, 000 x" g lupornatant from cells
(107/mL) under variaus experimental conditionn. A
measure of total LDH contcnt in colll vas obtaincd ff!ﬁl

o

>
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the 15,000 X g supernatant of a sonicated cell
suspension (six, 10 s bursts at 50-70 Watts on a

Braunsonic 1510 sonicator).

D. CELLULAR DEGRANULATION ’

Both the enzyme activities of lysozyme and
B-glucuronidase were measured in order to assess release
from neutrophil specific and azur?philic granules.
Lysozyme (EC 3.2.1.17) hydrolyzes the B-1,4-glucosidic
linkages _.1in the mucopolysaccharide cell wall of many
bacteria including Micrococcus ixggggix;;ggg. Assays
for 1lysozyme rglease from both neutropnil granules were
conducted by monitoripg the decrease in absorbance at
450 ‘- nm in a suspension of this target microorganism
(Shugar, 1952). Reaction mixtures consisted of 1.5 nmL
of a suspension of Micrococcus liggggikgiggg (0.16
mg/mL) in phosphate buffer (§7 mM NaH,PO,, PpPH 6.7)
and 0.5 mL of a 15,000 x g ceil supernatant (107/mL).
Absorbance changes over a 2 min time interval at 450 nm
were dJdeéetermined and compare@ to the total release of
léaozyme in a 0.5% Triton X-100 treated cell
suspension. stimulated" controls . consisted ot
suﬁernatants from cells treated for 10 min with 5 pg/mL
cytochalasin B followed by a 5 min incubation with 1 uM
fMet-Leu-Phe. A decrease in absorbance of 0. Ubi/min at

450 nm and 25°C was representative of one unit of
. . i . 5
. .
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lysozyme activity. Samplegfwera‘assayed in polystyrene
cuvettes at a slit width of 1 nm against a,distilléd
'water blank in a Shimadzu UV-240 Spectrophotometer.
B-glucuronidase (EC 3.2.1.31) hydrolyzes a variety
of conjugated glucuronides and is found iﬁ tﬁe
neutrophil azurophilic granules. Assays for
B-glucuronidase release were modified from Fishman and
coworkers, (1948), wherein phenolphthalein glucuronide
was used as a substzate. An aliquot of cell supernatant
(107/mL, 15,000 xt g) was incubated at 37°% for 18 h
with the enzyme substrate, phenolphthalein glucurbhate
(0.01 M), in acetate buffer, pH 4.6. The reaction was
terminated by the addition of ice cold glycins buffer
(0.2 M, pH .10.4), at which time absorbance readings 6!
the variouéd sambi;s were taken at 540 nm, with a 1 nm
slit width, égﬁinst a di;tilled water blank. One unit of
B-glucuronidase ’activity was defined as that amount of
eﬁzyme cleaving one“ micromole of phenolphthalein
glucuronide per min at 37°C. The sqéernatant obtained
from the stiﬁulated cells (cytochalasin B + fMot—Lou-

Phe) was used as a positive control (see above).
. / . o . o
E. ASSAYS OF EICOSANOID SYNTHESIS -~ . . | |
Upon the addition of arachidonic acid substrate to a

‘ . . AT
suspension of - ,noutrophils; . the prolluction of

N
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"eicos;noidi,;-prpstaglandins and,‘;iukqtrﬁﬁnol, can be
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assayed through the stimulation of cyclooxygenase and
lipoxygenase, respectively. Neutrophils were adjusted
to 107 cells/mL in HBSS and subjected to varying tcst
conditions. Arachidonic acid (0.01 mg/mL), fMet-Leu-Phe
(1 puM) i’cytochalasin B (5 pg/mL) were added to the cell
suspensions and the reaction was terminated at various
time intervals (0.5 - 60 min) by centrifugation at
15,000 x g for 2 min. To minimize oxidative degradation

of the- metabolites, the cell superna%ants were

immediately pooled and. stored at -70° qgtil‘

subsequent assayc were performed for arachidonic acid

metabolites. ' To ascertain whether the gold coﬁpounds

augmented the catabolism of leukotrienes,
\ .

(3H]leukotriene B, and (3H)leukotriene c, were

incubated at 37°C for designated time intervals (0 -
60 min) ‘with the gold compounds or carricrusolveﬁth At
the cnd of each incubﬁfiahhiariod, a constant amount of
antibody to either 1leukotriene B, or ’leukotriene Cy

was added, the mixture cooled and radioimﬁunoassays for

these arachidonic acid metaholites performed.

68

Radioimmunocassay kits and/or reagents - were purchased (

specifically for ,assaying the eicosanoids leykotriene

\ &

34,'» leukotriene C, and prostaglandin E,. The c

leukotriene . B, 1 radioimmunoassay was performed

according* to the procedure of Salmon et al. (1983). The

protocols obtained fron each manufacturer were used for

.

‘ 1



the leukotriene C, and préstaglandin E, radio-
imnu;\foassays. In general, to duplicate polypropylene

‘ pufes containing nonradioactive antigén (metabolite
present 1in the cell supernatant, 0.1 mL), or standards
(0.1 L) , ~ were added rad1oactive meﬁabolit'e
([3H‘]léukotriene By, [3H]la\ﬁ<ot’riene . Cy or

. ¢ L3g-°staglandin E,, 0.1 mg.) , and antibody. . The
tub® were mixed and left to incubate at 4°C for 24

h‘. at thg' end of the incubation period, cold, activated
charcoa‘l was added toothe ‘v,tubes, t\:o absord t_he free
antigen femaining in the mixture. After centrifugation
s, 2t 15,060 X g for 2 min, the supernatant (0.5 mlL),
;\5containing, the antigen- an;ibody complex,.was mixed with
ACS II  (Amérsham, .Oakville, Ontarfo) scintillation
cgcktail_ and the radioactivity meas;¥ed,§n a Beckman LS
scintiliation counter.  The ‘results obtained for the
standarﬁs were used to construct a‘dosc-responso‘curvc
which Qas used to evaluate thé results of the\samples:
Standard curves for the evalﬁation of”.resuits were
'conﬁtructed for- e&ch experimnnt. Tho croul-roactivity
‘ﬁ‘ between the . eicosanoid antibodios and arachidonic acid
| were minimal (approximately 0. 005%) as. were the
‘ crcsa-reactivities between the oicosanoidl. COnffhl'
| -tudies “in whfch dhlls wcép incubatcd with arachidonic:
vacid ‘fho gold conpound-, cytochalasin B or. barriar«

" solvent, at. concentrations uscd in the oxporigpntg,:’.'

LT - . o
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showed no effect on the stardard curve of each

n

radioimmunoassay. : \\ .

\

v
F. CELLULAR PRODUCTION OF SUPEROXIDE ANIONS

The neutrophil plasma mexmbrane enzyme compiex, NADPH
oxidase, can be activated by a host of stimuli to reduce
0, to the superbxide .anion. '(02'). 02- pro-
duction* was monitored continubusly by {ts ability to

i

reduce ferricytochrome c¢ to _ferrocytochromé c which

aksorbs strongly at 550 nm:

%

2+

3t > 0, + cytoghrome c

02' + cytochrome c

Reaction mixtureiv coﬁéisted of 196> ce;ls)mL in HBSS
contaiwing 10% fetal® calf serum and 0.1‘ mM  ferri-
cytochFome ‘C. Samples were assayed in 1 cm polystyrene
| cuvettés in thermostgtte" cell holders . adjusted to
37°% in a ‘Shimadzu UV—2§0 Spectrophotometer. After a
background Iabsofbancé réading was taken at-gsohnm, with
a slit width .of 1 nm}'against’a'diséilled.water blank,
the cgll stimulus was addeg in a minimal voi&pe and the
éhané; in absorbance was Wmonitored continuouély with a
cﬂart recorder: ’ Superoxide generation fates were .
' determined by the diviéion of the rate of the absorbance -
change (calculated as the slope of the linear portion of

" the . traéinq), by the extinction coefficient (21/cm/mM)

.



for the absorbance 'difference between reduced &nd

oxidized cytochrome c. Lag periods were calculated by

time axis. Total O,  was dé%ermi;ed by diﬁiding’the
overall absorbance change by the extinction coefficient.
A cell-free system for . generating Oé’ wvas
employed to control for possible effects of the test
agents on the ferricytbchrome c reduc;ion procés&. In

this system, O,  was produced from the oxldation of

xanthine (50 uM) by xanthine oxidase (0.0125 Units/mL).

G. ISOLATION OF THE GRANULE RICH FRACTION OF THE '«
NEUTROPHIL &
Py 'ﬁ‘
The granule ricﬂ‘ fraction (GRF) of the neutrophil
shown to contain membrane~ profiles, vasicles .and”
cytoplasmic  granules (Hoﬁn' and Leh#er, 1975), waq

isolated. using the method of Suznkivanﬁ Lehrer, (1§80).

7

. extrapolating the ‘siope-o portion of the’ tracing to the .

L4

Neutrophils were diluted to -50 x los/mL-‘in‘g/iQ mMﬁ?'

[

Hepes solution, PH',7.4, containing o. 035% BSA. ' The

cells were atimulatéd for 10 min at 37°c wi

TPA and the reaction»t&rminated by the addi;ion t“

volunmes ° of an ice cold suarose soluéion (0. 34, u)\”wlrtor

_ centri- fugation at Aoo AN fox 10 min/fta4°C, the
 cells " were resuspended in the cold sucrosq/iolution to
attain a concentration ‘of 108 callcfnn ;ﬁ Thovcokll

were - honoqcnizod iﬁ nolting ’ ib. for 5 nin_Pagd

B |
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centrifuged (400 x g, 4°c, 16 min), to rémove unbroken

cells and coarse cell fragments. The supernatant was

diluted ten-fold and subjected to higl® speed\
centrifugation (20,000 x g, 4°c, 20 min) in a Sorvall

RC-5B ,Superspeed centrifuge to obtain the GRF. The

pellet (GRF) was rasuspended in enough 0.34 M sucrose to

attain 108 neutrophil equivalents/mLL and was either

used immediately in a cytochrome c assay or was stored

at -70°¢ for future use.

Spectrophotometric assays were performed‘ at 20°c
in, 1.5 mL polystyrene cuvettes contarn;ng 0.15 mL.GRF;
0.05 mL of 0.2 M sodium phosphate, pH 7.0; 0.1 mL 1 mM
terri;ytochrome c in HBSS and 0.05 ﬁL of 2 mM NADPH in S
mM sodium phoéphate, pPH 8.0 or 0.34 M sucrose
(control). At 5 min time intervals (up to 30 min), 0.5
mL of distilled water was added to each cuvette, the
contents mixed, and the absorbance at 550 nm read on a
Shimadzu UV-240 Spectrophotometer. Control EQudicl
performed in the absence of the GRF showed a‘very small
reduction of ferricytochrome ¢ due to NADPH. This was
corrected for 1in the actual experiments which involved
the GRF. ,

’

H. INTRACELLULAR CALCIUM DETERMINATIONS
A l /
The Quin 2 fluorescence| probe was utilized to
monitor intracellular calcium \changeg that arise when

the neutrophil is‘ stimulated by various agents. Quin

’



2 is a tlforesecent tetracarboxylate anion which
undergoes - "an approximate five-fold increase in
fluorescence upon the b&nding of calcium which it
chelates with a 1:1 stoichiometry (Tsien et al., 1982a,
1984). Quin 2 is a highly charged molecule and does not
readily «cross the plasma membrane. The esterified
derivative of this molecule, Quin 2-acetoxymethyl ester
(Quin 2/AM), b;ing uncharged and lipid soluble, readily
penetrates the plasma membrane and once inside the cell,
is -cleaved back .to the 1lipid 1insoluble Quin 2 by
cytosoiic esterases. P
Recently, a new fluorescent calcium indicator, Fura
2, was dev;loped, which, 1like Quin 2, was designed to
measure calcium levels in intact cells (Grynkiewicz et

al., 1985; Tsien et al., 1985; Poenie et al., 1985). /As

is the case with Quin 2, the cells are incubated with

the membrane permdable tetraacetoxymethyl ester -

derivative, Fura 2/AM,' and the ester is enzymatically
cleaved once it gains entrance into tﬁe cell 1eayiﬁg the
membrane-impermeable Fura 2. In comparison to QuLn.z,
Fura 2 exhibits: significant improvements in its
fluoresceﬁf. properties upon complexing with &a?+.
After prolonged exposure \of cells to Quin 2, cellular
cytotoxicity can “be demonstrated. ¢Due to its increased
fluorescence intensity, _Fura 2 can be used at one-tenth

>

the Quin 2 concentrétion with no evidence of cellular
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S )f.' i f
ldamage.j Fura 2 also exhibits an.increased selectivity

~&for calcium, versus other divalent cations, and a lower

affinity for caicium compéred, to Quin 2. (Quin 2

<
becomes saturated at calcium coné¢entratibns above 1 to 2

uM  which are attained in thé cytosol of activated

4

cells.) . - N
? -~
Neutrophils were diluted with HBSS to a-concentra-
tion of 107/mL and loaded with aither 10 uM Quin 2/AM
or 1 pM Fura 2/AM (in  Me,SO, 0.25%) fg} 30 min at
37%c. Excéss fluorescent indiéatpr was removed by two
washes wiﬁh, HBSS and the cells were resuspended in the
same buffer at. a density of 106/mL: Stock suspensions
of loaded cells were kept at 20°¢ and aliquots were
prewvarmed to 37°% prior to assay, Fluorescence
recordings were madea on a Perkin Elmer modei MKF-4
fluorescence spectrophétometer with the excitation

wavelength set at 539 nm (5‘ nm slit width) and &n

emission wavelength _  set at 492 nm (15 nm -slit width) {

the case of Quin 2. With Fufh 2, the excitation
. .
wavelength was set 3t 334 nm (5 nm slit width) and the
L ]

_emission wavelength set at 500 (20 nm slit width) ..

Samples (2 mL of 10° cell/mL) were ‘placed in 4.5 mL
. , Y

polystyrﬁne cuvettes aﬁh stirred by a magnetic flea in a

37°C sample chamber. Concentrated-.test solutions were
added to samples to minimize volume changes.

For the:"purpo-os of - calculatifhg intracellular

Al
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calcium concentration, the following equation was
utilized: N/

(ca2*] = K (F - F F_.. - F °
d min)/ (Fpax )
(Tsien, et al., 1982a; Rink and Pozzan, 1985), where.
[Ca2+] is the calcium concentration, F 1is tha

75

fluoreséence measured . in the cell under test conditions

,*and Ky 1is the ~approximat.e dissociation constant for
calcium and Quin 2 (79-115 nM) or Fura 2 (135-224 nM).
Fpax -%was obtained by the addition of 0.1% Triton X-100
to the cells. Fpin Wwas obtained by treating cells
with 2 mM EGTA in 50 mM Tris:,pH 8.3, for extended
pertods of time uﬁtilQa minimal fluorescence reading wﬁs
aFtained., c N

‘I.‘ﬁiROTEIN QUANTITATION

The Lowry method o&f protein; estimation (Lowry et

al., 1951) was adopted to analyze various'sagples prior

to protein kinase C assay, binding experiments and

electrophoretic analysis. To 0.1 mL of either sample Sf.

standard (BSA, 0.01 - 2 mg/mL) was added 0.1 mL of 2 N

_NaOH. JProtein hydrolysis was carfied out at looév'ror ‘

10 min in a heating block. After cooling the
hydrolysate » to _room temperature,” 1 mL of freshly

propdrgd complex-forming réagent_ (2% Na2C03;‘ 1%
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~ Cuso, - 5H,0; 2% sodium potassium tartfate,‘ 100:1:1
M(v/v/v); f;spectively), was qddad. Th; solution ﬁasL
~1;ft at room temperature for 10 min at which timeril mL
of 1 N Folin-Ciocalteu reagent was added. , After
sufficient mixing, a 45  min lncubation at rpoml
temperature - was allowed. Absorbance readings of each
duplicate sahple and standard were made oﬁ a Shimadzu
UV;§40 Spectrophotometer ~at a wavelength of 750 nm. A\
'standard curve of .ahsorbance as a function of initial
protein concentration wasﬂhade and useq to determine the
unknown protein concentrations-of the\%imp;as. |
of
J. CELLULAR FRACTIONATTON ,

For various studies it was necessary to separate the
nautrophii cytosolic and particulate naterial‘ using
cellular disruption and ultraéentritugation.'\
Neutrophils (2-10 x 107)mL) Qera resuspended in
e*traction‘ buff?r (25 mM Tris HCl,'pH 7.4 1 mM EDTA; 2
mM PMSFf 0.25 M sucrose; + 0.1 mM ldupe;pin; :V}O}mn
B-mefcaptbethanol: + 1 mM EGTA), following the last HBSS
w&sh during neutrophil isolation. The cells w;ro
immediately placed on ice and disrupted by lix,.lo'l (
bursts  (50-70 Watts) from a Braunsonic Model 1510 }‘
sonicator. InAsomo.cxpcrinont-,‘tho ciii-'wori treated
with test reagents for various tim ‘prior to cellular”
disrﬁptién. After polldtin95 the 'nuclei and unbroken

N : ) L
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cells (560 x g, 10 min, 4°c), the cell homogenates
were placed in 10 mL polycaibonate hltraceptrifuge tubes
and subject to 100,000 x g centrifugal force for 1 h at

4°c in a Beckman L2-65B ultracentrifuge. ° The

supernatant or.cell c‘tosol was ‘ither utilized directiy'

or was stored at -70°c. ‘The pellet, containing the

plagma membrane, - granular membrane, . endoplasmic

reticlum, mitochondrial membrane' and other vesicular

membranes (particulate fraction), was solubilized in

extraction . buffer containing 0.1% Triton X-100 and

éiﬁPer utilized immediately or stored at -70°cC,
. . ]
K. PARTIAL PURIFICATION OF PLATELET PROTEIN KINASE C

Protein kind§ge C (E.cC. 2.{.1.37) was partially

purified fpom human platelets in the laboratory of Dr.

Michael Walsh (University of calgagy, Calg;ry, Alberta) .

by the following method. all steps were performed at.

4°C, Human plateletsq (approximately 100 units),
obtained from the Red Cross Blood Bank, were lyset by
freezing and» thawing in 40 mM potasqium phosphate, pH
7.0; 10 mMi EDTA; 0.2 pgM PMSF; 1 mM dithiothféitol and

centrifuged at 15,000 x g for 30 min. sSolid ammonium(

sulfate was added to the supernatang slowly.with stir-
.ring to déhieve a tinal saturation level of 58% and

allowed to .atand " £Or 20 min before centrifugation at
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15,000 x g for 20 min. The supernatant was discardqd‘

-
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and the pellet was disso;ved 1ﬁ a minimum voluge of 20
mM Tris HCl, pH 7.5; 1 mM EGTA; 0.5 mM dithiothreitol
and ?d;alyzed overnight against fﬁo changes (10 mL each)
of- the same buffer. The dialyzed sample was loaded, at
a flow rate of 50 mL/h, onto a column (2.5 x 50 cm), of
DEAE-Sephacel previously equilibrﬁted with dialysis
buffer. The. column was washed with dialysis buff;r
until the absorbance at' 280 nm returned to baseline,
indicating &he absence of protein in the eluant. Bound
proteins were eluted with a linear gradient generated
from 600 mL each of dialysis buffer and dialysii buiter
containing 0.35 M NaCl. Selected iractions were assayed
for calcium- and phospholipid—depandeﬁf phasphorylation
"of Type IiI-S’ histone (described herein). Protein
kinase C- eluted at ﬁpprbximatoly 0.16 M NaCl, well
separated from its major substrate, P47, which was
pooled separg?gly and further purifiad by 'hfdroxyl—
apatite "column ‘chromatography :(Imaoka et al., 1985).
Protein kina&é C-containing ' fractions were .combinod,
glycerolu and . soybean trypsin inhibitor wofo‘addoq (10%
(v/v) and 0.2 mg/mL, respectively), and stored in 1 mL
aliquoté in plastic Eppendort vi;ls at -70°C. ~Enz§matic

[

activity was stable for at least two years.
b u V4 -

N ) -

L. PROTEIN KINASE C ASSAY _
‘The ocytosolic and ﬁirticﬁiif; fractions of the

é ,

v
v . PR
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. neutreophil, as well as partially purified platelet
protein kinase C, were assayed for protein kinase C
activity. The method eﬁployed was ‘a modificatioh of the’

assay Jdescribed by Kishihoto et al., (1983a). The assay
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mixture contained 20 mM Tris HCl, pH 7.4; 10 mM MgCl,; -
; ,

0.36 mg/mL Type III-S histone; 20 uM [ v -32$]ATP’

»
(50-100 cpm/pmol) ; 0.01% Triton X-100; + 1.2. mM

phosphatidylserine; mi 16.4 M diolein; + 0.2 mM CaCl,;

+ AUR (1078 - 10™% M); 2+ GST (1078 - 1074 M) and.

50 AuL of sample fraction in a total volume of 250 pL. A
mixture of. phésppatidylseripe and diolein were mixed by
sonication in Me,SO prior to their addition to the
assay. Histone phosphorylatioa w;s‘!initiated by the
addition of [ v -32P]ATP to the other components of the-
assay.' Reactions were terminated at timed.intervals
(6.5v - 60 min) by the‘simultaneous additions of 0.8% BSA
and 515% trichloroacetis acia. The precipitate was

collected by filtration on 2.5 cm glass microfiber

filters (Whatman GF/F) and radioactivity was measured

with a Beckman LS 6800 scintillation counter. -

The amount of cell fraction varied from 10-100 pug

protein ‘per assay. "Enzymatic activity was measured as

the incorporation of 32p into histone from [‘7-32P]-'

AT#“ Protein kinase c activity was usually expressed as

pmol 32P incorporated/mg protein/min.
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M. CELLULAR INCORPORATION OF 32po, ’
In order to observe endogenous \’ protein
phosphorylation in the neutrophil, it was necessary to

sustain the cells in a medium which was depleted of

PO, . In this starved etate, the neutrophil would take

up exogenous 32P04 into its PO, poo); and -use it
in subsequent phosphorylation readfions.  Neutrophils

were adjusted. to ,107/mL- in a PO ,-free Hepes buffer

(10 mM Hepes, pH 7.2; 0.14 M NaCl; 5 mM KCl; 5.56 M

glucose; 0.33 mM CaCl,). 32PO4 was added -to the-

r

cell ~ suspension as 5332Po4 (0.5 mCi/mL), and the

mixture was incubated in a shaking water bath for 1 h at
37%c. The cells wére gently mixed every 15 min by
pipetting through a 1l m£ Eppendorf pipette. At the end
. of the incubatidn, the excess 32Po4 was removed from
‘the 'celle by three, weepee in PO4-free Hepee.butfer:

The cells were final}y resuspended in HBSS .at a

concentretion of 107/mL Treatment with test reegente'

was performed in HBSS buffer et 37°Cc for various
!itimes.\ ; Reactions 'wete termineted'by,centritggetion in

en Eppendorf microfuge (15,000 x g) for "2 min and

80

resuspending the cells in 1 nL of 15% trichloroecetic 1

ecid. The proteins were ellowed to precipitete for 30
‘min at 4°C after which time they were collected by

centrifugetien (15,000 X g) and wesh d exteneively vith

P —

tce;cold" HBSS. Each sanple of phoephog;otein
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preoipitéte was resuspended in 203\(11.. SDS sample buffer’
(62.5 mM Tris HCl, pH 6.8; 2.3% (w/v) SDS; 10% (w/V)
glycerol; 5% (V/Vv) B-mercéptoetha;ol; ‘495°C), and
heated for 10 min at 95°C to allow suffic;ént
solubilization by SDS. The samples ware either stored at
-70°C or utilized immediately for gel electrophofesis.

In order to deséribé the‘percentage of radioactive
label 1in a given protein compared to the total number of
counts applied to the gel, as well as to determine the
extent of 32PO4 incorpofétion, TCA-precipit;ble
counts were made for each solubilized sample. Five uL
of each sample in Sos:sampie buffer ;;>é.ad3ed to 1 mL
of 15% TCA and allowed to precipitate for 30 min at
4%c.. The precipitates were collected by centrifug;-
tiog-\(ls,ooo X g) and resuspended in scintillation
cocktail followed by measurements af radioédtiyity in a

Beckman IS scintillation counter. The TCA precipitable
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[

counta method igdicatad tﬂat-a lﬁg incubation of cells

with 32Po4 was maximal and that any fﬁrther
incubation l?d to an incfeased propp;tion of dead'
cells. Also, radioactive ' concentrations of 32Po4
less than 0.5 mCi/mL‘ were insufficient to obtain
successful incorporation. Wwhen thelceIIS'werg not mixed
during the 'l h incubation, incqrioration " of .32Po4
waékless tnggrmaximal (i.e. that obtained with mixiﬁbi.

>
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N. IMMUNOLOGICAL DETECTION‘OFFPROTEIN xlﬁAsz c

An~ ;mmunoblat “analysis technique was ‘employed to
measure protein kinase C 1levels and the integrity of
this eqzyme in . various samples  of neutrophil
homogenates, cytosolic or partitulate fractions.

Polyclonal antibodies against purified protein kinase C

were prepared by Dr. Peggy Girard (Emory University,

Atlanta, Georgia), according to the method of Girard et
al., - (1986). Neutrophils (Skﬂgw‘107 in HBSS) were

treated . with test reagents for various times at 37°c.
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’ At the end of each incubation period, the cells were

centrifuged -for 10 min at 400 x g, and then homogenized
byl resuspension.in hot SDS buffer (a solution oontaining
2% (w/v) SDS; 10 mM Tris HCl, pH 7.5; 10 mM EGTA:
95%), at a concentration of 5 x 10’/mL. - The

homogenates were heated for an additional 10 min at

95°C.  cytosolic and particulate neutrophil fractions

‘'were prepared for immunoblotting by -olubilizing tho
lparticulate fraction (100 000 x g pollot) dirootly in
hot 'SDS buffer and adding 2% 8DS' to the cytosolic
| fraction (100,000 X g supernatant). ‘The cell

homogenates, cytosolic or particulate fractions, were

subjectad to SDs-polyacryfanido gol oloctrophorolil and .

electrophoretically transferred to z.ta-Proba blotting

umembranes. - Each nenbrano vas incubatod for 12 h at

so°c in a solution containing 3% (w/v) caloin in
Tris-butforod .alino (20 mM Tris uc1, pn 7.&; 0.15 M

’
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Na€l), - to Dblock non;pecific binding sites. This was
followed ‘by a 2-3 h incygation ﬂ;ith the antisera
(diluted ' 1:400 in Tristuffered saline containiﬂéil%
casein). . THe memb£;ne was then -exposed to 10 mL of
125I-proteiq~ A (contaihing ‘2 x 10° .cpm), for 1 h
followed by extensive washing with Tris-buffered
saline. The air-aried membrane was autoradiographed to
locate the immunoreactiQe proteins. |

O. SDS-POLYACRYDLANIDE GEL ELECTROPHORESIS OF 'PROTE]'ZNS >

.kos-pslyacrylamide gel *electrophoresis (SDSi?AGE)
was embloyed to <analyze ﬁixtures of phosphoproteins as
well as to prepare samples of cell homogenates,
éytosolic and particulate fractions for subsequent
analxpis'&ifh anti-protein.kinase C antisera.

'Using this technique, the proteins are reacted with
the anionic detergent, }SDS, to form.pegatively charged
complexas. | The amount of SDS bound by'a protein, and
the rééulting charge on the‘ complex; is roughly-
proportional to:- its size. By binding SDS, the proteins .
are “generaily denatured and: solubilized. . The
protein-sDS ébmplex\ fcfms a rod »of a length in
proﬁortion to thh;moiecular weight of the.pxotein. This
results “in Qro£§¢ns, ‘of either acidic or Dbasic
isqnlectric point, }Qfming‘negatively charged cbmplexes
which- can then be ‘sép;fated o the bases of chatge

\
\

oy \



B ‘

: 'Y
differences and siZes by electrophe¢resis ‘through a

sieve-like matrix of polyacrylamide gel. SDS-PAGE
employs the . principle of ° isotachophoresis, which

involves iconcentrdtion of the sample into very small

-~

7’

zonessi This leads to a better separation of the various -

specie in the sample. 1Isotachophoresis is achieved by

introducing a stacking gel, of different pH than the

84

resolving gel, on top of the resolving gel. The sample |

is introduced to the system at the stacking gel. 1Ions

move toward the electrodes when an electric field is'

~applied, however, at- the pH .in the stacking gel, the
9

protein-SDS complex has .a mobility intermediate betwean

the chloride ions (present:throughout the eyetem), and

the glycinate ions (present in the running buffer[._ Due
to their small size, the'chloride ione have the greatest
mobility. ZEhe larger ions follow and concentrate into
narrow zones in the etacking gel, but do not effectively
separate there. ;ﬁUpon reaching the resolving gel; the
mobilitiee' of the zones change in the pH-prevailing

there and the glycinate ionfgront_overtakeejthe'prqtein-
elec ic" field thus allowing for protein eeparation

‘ according to slze and charge. _ .

The eystem of butterl utilized £pr SDS-PAGE was

“ taken from that described by Laemnli (1970) The gel. :

.apparatue ueed was the Protean II Multi-Gsl Calting

<

——

a3
e

sDs 6omp1ex zone to leave it in a unitorm’ buftered



Chamber and Multi-Cell Electrophoresis Tank obtained
from Bio-Rad (Richmond, cCalifornia). Gels prepared In
this manner were composed of 12% acrylamide, pH 8.8 in
the reéolving gel and 4.5% acrylamide, pH 6.8 in the
stackihg gel. Polymerization cf acrylamide and
bisacrylamide was initiated by the addition of TEMED and
ammonium persulfate. (The persulfate activates the
TEMED leaving it with an wunpaired electron. The
resulting radical then reacts with an acrylamide monomer
to produce a new rqdical which can then react with
Qnother monomer, etc., to build up a polymer. The
bisacrylamide was utilizedklto form crosslinks between
the polymer chains.) An electric field was applied
using a 20 milliampere constant currept from a Buchler
3-1500 constant power supply.

Samples were added to the system in wells made in
the stacking gel during polymerization. Samples were
diluted in SDS sample buffer, (approximatély 20 - 100 &g
protein in 50 auL buffer), and heated for 10 min at
95°C prior to their addition. The B-mercaptoethanol
in the buffer reduced inte;molecular disulf{@e bridges
and destroyed quarternary structure thereby separating

protein subunits. It also reduced kintramolecular

disulfide bonds to ensure maximal reaction with SDS.‘

N
Glycerol was necessary 1in the buffer to increﬁfe the

density of the sample. Bromophenol blue dye (0.1%) was
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added to each sample prior to loading on the gel which
acted as an indicator of the position of the front of
electrophoresis in the gel. The dye also indicated when
the sample was acidic by turning yellow instead of
blue. Molecular weight s}andards (10,000 - 100,000),
were treated in the same manner as the samples and were
used to indicate the relative positions of each standard
to the gel front. A standard curve (log molecular
weight versus distance travelled) was constructed and
the relative mobilities of each sample protein read off
the curve to estimate their molecular wéights.,

Gels were stained uging Coomassie blue R-250 (0.04%
w/v) 1ip a solution of 0.4% methanol and 10% glacial
acqtic acid fpr 2 h. Destaining of the gels was
accémplished by-several changes of destain solution (10%
methaneQl; 15§ glacjial acetic acid). Destained gels were
dried 1in a Bio-Rad Model 483 Slab Dryer for 2-3 h set at
80°C after which they were autoradiographed by placing
the drigd gels in X-ray cassettes with two intensitYihg
screens:' Kodak XARS film‘was placed on top of each g}l
and the film was exposed//at -70°C for the required
length of time.

In some expefiments, unstained gels were blotted
onto nitrocellulosg menbranes (0.45 um pore size) for
better resolution of the protein bands ;hd to loparito

the free 32?04 background from the phosbhoprotoins. -
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P. ELECTROPHORETIC TRANSFER OF PROTEINS TO MEMBRANES

The method of transferring proteins to membraneg
from polyacrylamide gels was used to ©obtain a thin
replica of the original gel where the proteins were no
longer trapped within the gel matrix. 1In this method,
the proteins become freely accessible to further
analysis by being bound to the surface of a membrane.

Electrophoresis gels (SDS-PAGE) were pre-equilibr-
ated 1in transfer buffer (25 mM Tris HCl, pH 8.3; lQé M
glyci;e), for 30 min at room temperature prior to the
commencement of electrophoretic transfer. Pre-equili-
bration was necessary to facilitate the removal of
contaminating electrgphoresis buffer salts, which |if
present, may have increas®d the .conductivity of the
buffer. A Bio-Rad Trans Blot Cell was utilized for the
purposes of the transfer. The equilibrated gel was
placed 1in a sandwich assembly composed of the following
sequence of materials: Scotch Brite gel pad / pre-
equilibrated filter paper / equilibrated gel / pre-
equilibrated membrane (Zeta-Probe or nitroéellulose) /
pre-equilibrated filter paper ,/ Scotch Brite gel pad,
all held in place by the gel holder apparatus. It waé
necessary to carefully rub the trgpsfer membrane from
side to side to push out all the air bubbles and
displace excess 1liquid from between the gel and the

membrane. The membrane was rubbed until a nearly
o ‘ »

N -
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adhesive contact was obtained (with the gel. The
sandwich was placed inside the Trans-Blot tank which had
been filled with transfer buffer. A constant current of
Y200 milliamperes was applied for 4-6 h at 4°C. After
the transfer, the membrane was washed in cold running
water for 2 h after which time it was ready for

subsequent analyses.

Q. [3H]PHORBOL 12,13-DIBUTYRATE BINDING STUDIES

A [3H]phorbol 12,13-dibutyxrate binding assay was
developed to study the binding of this phorbol ester to
its receptor, protein kinase ¢C. Binding of [3H]phor—
bol 12,13-dibutyrate to the cytosolic fraction of the

neutrophil (obtained from K 5 x 107 cells/mL in
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extraction buffer), or partially-purified platelet

protein kinase C, was measured using a polyethyleno
glycol, . precipitation assay (Shargzy éF al., 1584). The
binding reaction mixture (0.25 mL) contained 50 mM Tris
HC1l, pH 7.4; 1 mM CaCl,: 75 mM magnesium acetate; 62.5
ug/nL phosphatidqugrine: 2 mng/mL human gammaglobulin; .
[3H]phorbol  12,13-dibutyrate, and 100 pg sample
"protein. Eppendorf® miérotuge tubes were ul;d for all

binding assays. Test reagents were addoq to the assay

mixture and repdaced by carrier solvent in the control °

experiments. In some experiments, the éYtOlOliC'Orq

platelet materjal was pretreated for various times at
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37°C with the “test reagents. Reactions were initiated
by the addition of sample protein to the other premixed

components of the assay. Binding of the agonié% to

protein kinase ¢ was allowed to take place over varyindb

incubation periods at .37°cC, subsequent to.the addition

of sample protein. Reactions were terminated by the

‘

addition of ice-cold, 15% (w/v) polyethylene glycol 6000

in 50 m®mM Tris HCl, pH 7,4, and were placed®'at 4°C for .

1 h to permit precipitation. The tubes were then
centrifuged for 15 min at 15,000 x g in an Eppendorf
Microfuge. After centrifugation, 100 muL of the

supernatant was femoved from each tube for determination

of the  actual concentration of free [3H]phorbol*

12,13—dibdty;ate. The'remaining supernatant was removed
by aspir:iion. The tip of the microfuge tube containing
the pellet was cut off and transferredh to a
scintiallation vial: The radioactivity of both aliquots
of supernatant and pellet were measured in écintillation
fluid (toluene) by a Beckman LS 6800 scintillation
counter after a 30 min m;xing period.

~To measure phorbol 12,13-dibutyraté saturation
curves, the concentration :f free_{ [3H]phofbol
12,13-dibutyrate was yafied between ‘' 0.1 and 200 nM.
Nonspecifié binding was mé;sured in ;ontrol samplés
containing 30 uaM cold phorbol 12,13-dibutyrate in
addition to [3H]phorbol 12,15-dibutyrate{' Specific

r's
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binding was obtained by subtracting the~ nonspecific
bindigb from. the total bindiﬁg obtained in the presence
of [3H]phorbol 12,13-diﬁutyrate without cold phorbol
12,13-dibutyrate. Displacement of the bound [3H]ﬁ
pherbol 12,13-dibutyrate was inv&ﬁlig&ted hﬁsiﬂ@ cold‘
phorbol 12,13-dibutyrate (0.1 - 100 pM) and various
concentrations of test reagents. \f’Ki values dbtaineéd

.- § \
from . the measured ICgzps (50% inhibitory concentra-

tions), were calculated by using the relationship:
‘ ’ \
Ki'/cso/(l + L/Kq)

in which L is concentration of free [3H]phorbol
12,13-di- butyrate and Ky is dissociation constant for
phorbol 12,13-dibut¥rateo from the receptor. Ky values
were ‘evaluated usiné a Scatchard anayflfb of»data
obtained using the LIGAND PC:proéram aevoloped by Mﬁﬁson
and Rodbard, (1980).- '
R. STATIS?ICAL ANALYSES OF DA&A ‘ I

For certain experiments, the data pointulpavo°beon

"l
expregsed as -the mean + standard error of the mean
(SE) . To assess the significance of differences between
mghns, thé Student's paired "t" test was cqployod.

A
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CHAPTER THREE

RESULTS
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A. CELLULAR VIABILIYY 1IN THE PRESENCE OF VARIOUS
3
AGENTS.

Both the LDH aesay‘and the trypan blue dye exclusion

.criteria for cellular viability were employed to monttor

92

/‘neutrophil status following treatment by various

agents. After treatmePt with each of.ﬁﬁhe agents;
fMet-Leu-Phe (1 pM), TPA (0.1 pM), F~ (NaF, 18 mM),
and cytochalasin . B (5 pg/mL), She cells remained viable
up““fo 90 min. AfterAthis time, although cellular shape
had been altered in some of thei treated cell
populations, both the treated and control cell

populations began to die 6&:.

The gold compounds AUR and GST, as_ well as.

‘D-penicillamine, did not induce an_ inéreesed rnfe of
cellular demise compared to the control population.
Wherees the control cells lasted approximatoly %0 - 120
min, the gold drug-treated populations remainod.viablo
up to 3 h. In tact microscopic inspection revealed
that the shape of the gold drug-treated population of
- cells remained intact compared to the contfol population
v of cells whose membranes aqpoared ruffled and damaged
after this period of time.

B. THE EFFECT OF GOLD ‘COMPOUNDS ON NEUTROPHIL DEGRANU=-
LATION. e T . Cof
Cellular release .q; either lyoozyne-or B-éiucuroni-

|
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dase was accomplished by Fo—stimulation of the cells
with . fMet-Leu-Phe (1 puM) and cytochalasin B (5 ug/mL).
Cyto&halasin B belonés to a family of low molecular

weight fungal - alkaloids known to exert a variety of

effects on mammalian cells (Carter, 1967; Wessels et .

al., 1971), includinq\ potentiation of neutrophil
secretion (Zuri;r et al., 1973; Naccacﬁe et al., 1977;
Bently = and Reed, ;931). Neutrophils stimulated with
fMet-Leu-~Phe, released approximately 40% of their
lysosonal constituents compared to that releasedA ﬁy
fMet-Leu-Phe in thé presence of cytochalasin B. "In the
presence of carrier solvent (0.1% ethanol), virtually no

cellular release of 1lysozyme was detected (Table IV).

However, a 30 min pretreatment of the cells with either

AUR or GST caused a moderate release of lysozyme which

was Iindependent of drug dose. That this drug-induced

release of lysosomal contents occurred with the specific-

granules exclusively, is substantiated’ by the lack of
release of B4g1ucuronidase under similar conditions when
compared to contrdl cells (Table 1IV).

The following study "'was undertaken to evaluate the
effects of .the gold compounds on the stimulated release
(qut-Leu-Phe + cytochalasin B) of both granular
enzymes. Figures 7 agé 8 illgstrateythe results of
these experiments. All cells werﬁ incubated for 30 min

at 37°C in the presence of gold compounds or carrier

-
-

e
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Table IV: Neutrophil degranulation in the presence of

gold compounds.
{ >

Eniyme Release

‘(%control? t SEP)

Lysozyme B-glucuronidase

negative control®€2.49 + 0.99 15.22 t 5.27

AUR 1.0 M  36.82 t 8.95 12.16 t 3.35
AUR 2.5 uM 27.36 + 11.Y94 \ ND

- AUR 5.0 31.34 # 10.62 i2.49 t 3.83

AUR 10/0 uM 33;33 t 0.05 12.97 t 3.84

AUR .0 pM 22.89 £ 1.49 ¢ 13.02 119.87

GST 1.0 pM 33.80 £ 6.li 13.45 t 4.31
GST 10.0 uM 29.58 + 1.25 13.40 't 4.79
GST 100.0 nM . 33.80 t 1.01 9.72 t 1.44
} ' ' -

B

\2cells stimulated with 5 .jug/mL cytochalasih B + 1 pM

fMet-lLeu-Phe for a total of 15 umin; were used as a

positive control - | .
byalues repreéent the mean <t standard ofror (SE) of 5
determinations

Ccells treated for 30 min at 37°C with 0.1% ethanol

ND = not determined
\\



Figure 7: Effect of gold compounds on lysozymé

release from stimulated neutrophils.

—Cells were pretreated with either AUR

(1-20 uM), GST (1-100 WjM), or carrier solvent

(control), for 30 min at | 37°c and then.

\gtimulated . with fMet-Peu-Phe (1 M) and
cytochalasin B (5 png/mL). Lysozyme rele&ée was

measured as described in MATERIALS AND METHODS.

Results are the mean + standard error of five

determinations.
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Figure 8: . Effect ‘ of gold | compounds on

a B-glucuronidase release from

stimulated neutrophils.

Cells were pretréated wijh either AUR
(1-20 pM), GST (1-100 pM), or carrier solyent
(control), for 30 min at 37°C” and £hen
stimulated  with fMet-Leu-Phe (1 pM) and
cytochalasin B (5 vpg/mL{. B?glucuronidase
release ‘was measured as describeé in MATERIALS
AND METHODS. Results areﬂithe mean t standard

err?r of‘five determinations.

-
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i@QSOIVent, then stimulated and the extrACEllular released

’.ns.\( s

Y
%?enzymes assayed. AUR suppressed th¥ ;kimulated rele;se
.;o: both lysozyme and B—glucuronid;;§;/ This response was
iﬁ‘p@ndent on the dose of the drug employed. At low
ldoses of AUR, enhanced release of both granular enzymes
was observed (1-5 uM), but became inhibitory at higher

doses. GST showed no appreciable effect on the release

of either lysosomal enzyme.

C. DE NOVQ EICOSANOID SYNTHESIS IN THE PRESENCE OF GOLD

‘COMPOUNDS . |

Eicosanoids (arachidonic acid metabolites), are
biologically active oxidation products of arachidonic
acid. When arachidonic acid 'is released from its
esterified stores in the cell plasma membrane, two main
enzymatic pathwayé may wutilize it to produce potent
medqitators of inflammation: The cyclooﬁse cascade
catalyzes the pgpduction of prostanoigé, and the
lipoxygepase ené;mes catalyze the gynthesis of
leukotrienes, hydroxyeicosatetraenoic acids and lipoxins
(Needleman et al., 1986). Since the eicosanoids can be
produced by the neutrophil at sites of inflammatory
4injury and have beenlghown to play an'imporﬁant role as
mediéﬁors of acute inflammation, the pfbposéﬁ role of
gold compounds’ in suppressing. the production of these

biéactivg lipids by the neutrophil seems a novel

L
|
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mechanism by which these compounds could effrt their
antiinflammatory effects. To test this hypothesis, an
assay system was developed to maximally stimulate the
neutrophil to produce arachidonic acid metabolites.
Leukotrienes and prostaglandins were quantitated by
radioimmunoassay, according to MATERIALS AND METHODS.
Control studies showedr that when leukotriene standards
were 1incubated with gold compouhds in the absence of
‘vcells, neither iAUR -nor GST exerted any effect on the
amount of leukotriene metabolite bound to antibody
compared to that bound in the absence of drué. As well,
the gold compounds did no? directly destabilize the
metabolites. Time course studies indic#ted that the
amount of 1leukotriene metabolite bound to antibody
remained constant throughout the.assay (up to 60 min).
When neutrophils were stimulated with fMet-Leu-Phe
(1 pM) in theipresenca of cytochalasin B (5 ag/mL), an
enhancea synthebig of eicosanoids was detegted compared
to cells stimulated by the chemotactic peptdde alone
(Table V). Cells were not activated to produce
arachidonic ,acid metabolites when incubated solely with
cytochqlasin B. Ah incubation period of 10 min at 37°C,
-in the presence of cytochalasin B, followed by a further
5 min in the presence of fMet-Leu-Phe, was found to be

sufficient for maximal cell - stimulation. However, no

detectable. changes in. metabolite synthesis or degrada-



Table V: - The production of leukotriene Cq4 (LTCy)
and prostaglandin E, (PGE,) by neutrophils

under varying conditions.

Eicosanoid Production

(ng/0.1 mL % SE?)

LTC, PGE,
-
no stimulusP 0.03Z t 0.002 0.023 t 0.013
cytochalasin B¢ <0.025 0.028 + 0.012
fMet-Leu-Phed 0.026 t 0.009 0.040 t 0.020
cytochalasin B +
fMet-Leu-Phe® 0.406 t 0.082 0.700 t 0.184

avalues\represent the mean + standard error (SE) of 6

determinations '

beel1s (107/ﬁL) were 1incubated with carrier solvent
(0.1% ethanol) for 15 min at 37%

Cstimulation with cytochalasin B (5 ug/mL) for 10 #in
dgtimulation with fMet-lLeu-Phe (1 pM) for 5 min
€co-stimulation with cytochalasin B and fMet-Leu-Phe

(5 pg/mL, 10 min and 1 uM, 5 min, respectively)

101



tion were observed at incubation time; longer than
this. The amounts of leukotriene By, leukotriene Cq
and'\?rostaglandin E, produced by co-stimulation witp
fMet-Leu-Phe and cytochalasin B', and detdcted by
radioimmunoassay, were comparable to those detected
using reverse-phase high pressure liquid chrom;tographic
techniqués under similar. conditions (Clagéy et al.,
1983; Serhan et al., 1984). ‘

The gold compound AUR failed tpvinitiateAthe de nove

synthesis of arachidonic acid metabolites from

102

unstimulated neutrophils. However, <the stimulated

\

synthesis of lipoxygenase products was dramatically
suppressed. Both leukotriene B, ‘and C, production
by stimulated cells was inhibited at concentrations of
AUR greater than 2.5 uM '(Figures 9 and 10), reaching
maxinal inhibit102’ at approximately 20 juM. However, a
‘bipha;ic effect by this drug was observed in that,'at
lower concentrations, AUR enhanced the pr6dg?tion of
' these metabolites, although statistical significance was
not attained for the number of studies made.

Similar studies | carried out with. GST "neither
enhanced ner suppressed the productién of leukotrienes
from the stimulated cells at fhc concentrations tested.
As well, this drug d4id not~initiate the production of
eicosanoids from unstimulated nq;trophill;

The mean basal levels of leukotrjene B, and
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Figure 9: Effect of auranofin on the. mean
. leveis of leukotriene B, produced

by activated neutrophils.

Cells were pretreated with AUR

(2.5-20  uM) for 30 min at 37°C prior to -
stimulation with fMet-Leu-Phe (1 uM) and
cytochalasin B (5 ‘pg/mL). Leukotriene B,

production was measured by radioimmunoassay
according to MATERIALS AND METHODS. Results are

the mean t standard error of six determinations. ?
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Figure 10: Effect of auranofin on the mean

-

levels of leukotriene C, produced

t

by activated neutrophils.

Cells were pretreéted with  AUR
(2.5-20 M) for 30 min at 37°C prior to
stimulation with  fMet-Leu-Phe (1 pM) and
cytochalasin B (5 pg/mL) . Leukétriene Cy
production was measured by radioimmunoassay -
according to MATERIALS AND METHODS. Results are

the mean t standard error of six determinations.
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leukotriene C,  present in the supernatant of control
cells were <6.100 ng/0.1 mL and <0.032 Ang/o.l mL,
respective;f. These levels 'are representative of the
lower sensitivity 1imits of the radioimmunoassays, that
is, virtually no metabolites were formed by the resting
cells. ’

Neither gold compound affected the de novo
production of prostaglandin E,, a cyclooxygenase
product, from stimulated cells. The mean basal level of
this metabolite was <24 pg/0.1 mL. ‘ AUﬁ,, at all

concentrations tested, failed to alter the stimulated

107

production of prostaglandin E, (Figure 11). Similar

results were obtained with GST.
4
D. THE RESPIRATORY BURST INDUCED BY SOLUBLE STIMULI
The neutrephil respiratory ;?urst,' stimulated with

fMet-~Leu-Phe, TPA or F, was investigated and

quantified with respect to 1lag period, the. (iff_ffz

superoxide anion production and - the total yield of
superoxide anion produced. ‘Concentrations ‘of stimuli
providing optimal respiratory burst activity determiped
from previous studies (Woné and Chew, 1985; Strnad et
al., 1986), were‘ utiliﬁed in this sEudy. Results are
presented in Table VI and Figure 12. 5 ”

-A feature , common to a¥ of the stimuli employed, is

the apparent time lag between the initial additien of



Figure 11: Effect of aufanofin on the mean
levels of prostaglandin E, produced

by activated neutrophils.

" Cells were pretreated with AUR
(2.5-20  pM) 'fo; 30 min at 37°C prior to
stimulafion with fMet-Leu-Phe (1 pM)* arid
cytochalasin B (5 pg/mL). Prostaglandin E,
production was ﬁeasured by radioimmunoass;y

according to MATERIALS AND METHODS. Results are

the mean t standard error of five determinations.

.
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Table VI: . Characteristics of -the respiratory burst

activated by soluble stimuli.

Ihd

~

n lag rate? yieldbu
fMet-Leu-Phe ’
1 pM .7 10-15s 9.2 ¢ 2.2 23.3 £ 3.3
TPA 0.1 uM 10 1-3 min 4.6 b 4 0.7_ 60.0 £ 10.8
NaF 18 mM ' 7 10-15 2.0 £t 0.5 36.0 %t 5.7
min

2nmol/min/105 cells

brmo1 superoxjde anion/lo6 cells

PR LN
5 = 3

110



Figure 12:

stimulated
(0.1 pM,
produétion

reduction

Superoxide anion generation by
neutrophils stimulated with

fMet-Leu-Phe, TPA or F .

Neutrophils (loe/mL) were
with }Met-Leu-Phe (1L M, O ), TPA
o ) and F~ (18 mM NaF, A ) and the
of superoxide anion measured by the

of ferricytochrome c¢ according to

MATERIALS AND METHODS.

\ 4
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agent to the cell suspension and the production of
supero*ide anions, measured as the reduction of ferri-
cytochrome cC. After a lag period of approximately 10-
15 s, 1 pM fMet-Leu-Phe elicited superoxide anion
generétion at a rate of 9 nmol/min/lo6 cells. This
response peaked within 10 min yielding approximately 23
nmol of superoxide anion/lo6 cells. The superoxide
anion generation_rate fér 0.1 uM TPA was approximately 5
nmol/min/lo6 cells. CompAred to fMet-lLeu-Phe, TPA
demonstrated a longer lag period which is representative
of the time necessary for incorporation of this agent
into the 1ipid bilayer. Following the 1initial lag
period, ferricytochrome‘ ¢ reduction proceeded steadily
ana levelled off Y after approximately 60 min. Howevef,
this plateau could represent the 1leveal at which
ferricytochrome became 1limiting and not the maxd mum
yield of superbxide anion generated (Wong agd Zhéw,
1985) . >
The F -induced respiratory burst was characterized
by. a lag period of 10-15 min and a duration of approxi-
mately 60 min. The rate of production of superoxide
ani%h was much Iower than that of fMet- Leu—Phe and TPA,

although it yielded an amount of superoxide anion

intermediate between the two stimuli. - »



)
E. THE EFFECT OF GOLD COMPOUNDS ON THE NEUTROPHIL

RESPIRATORY BURST.

Since the céllular stimuli, fMet-Leu-Phe, TPA and
F~, activate the neutrophil at different sites in the
signal transduction pathway, the differential effect of
gold compounds on responses induced by eac? of the three
stimuli should provide clues as to the site of action of
the forﬁ;;. .

The .gold compounds AUR and GST did not elicit a
neutrophil respiratory burst when cells were treated
with the compounds for up to 1 h. These experiments
were pegformed in the absence of any agents known to
stimulate the cells. Concentrations of the gold
compounds ranged from 0.1 - 100 pM. In another set of
experimentsf neither gold compound influenced the
generation of superoxide anions by quenching as
demonstrated by control studies carried out in a cell-
free system using xanthine/xanthine oxidase as a source
of superoxide anions. However, the gold compound AUR
did 1inhibit the rate and total yield of superoxide anion
production - induced by fMet-leu-~Phe and TPA (Figure 13).
The mean rate of superoxide anion generation in
fMet-Leu~-Phe-treated cells was suppressed approximately
.33% by 2.5 upM AUR. The rate was further suppressed as
the concentrations of AUR increased to 20 uM. At

similar concentrations of AUR, suppression of the mean



Figure 13: The effect . of auranofin on the
neutrophil respiratory burst -induced

by fMet-Leu-Phe and TPA.
\

o -

The rate of superoxide anion

1

generation, expresse% as the percentage of
control rate (in the ﬁresence of stimulus alone),
is shown in: panel A. The total yield of
superoxide anion 1s shown in panel B, expressed
as percentage of control yield. TPA (2 nM, O )
and fMet-Leu—Pge (1 puM, ® ) wer; added to the
cells after a 30- min preincubation with AUR at

37°c. Each point represents the mean of 10

determinations with 1less than 5% standard error
]

of the mean. ' {

-~ /
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rate of superoxide anion generation was more pronounced
Qhen cells were activated by the phorbol ester, TPA. 1In
both fMet-Leu-Phe- and TPA-treated cells, the Eercent
inhibition by AUR of the mean total yield of superoxide
anion displayed a similar pattern to that of the rate of
generation. Again, TPA-treé;ed cells _d}splayed a
greater degree of inhibition by AUR. 1In contrast to
AUR, GST, at concentrations of 5 - 500 uM, failed to
inhibit the rase or the total yield éf superoxide anion
from cells stimulated with fMet-Leu-Phe or TPA. In this
study, the cells were treated with the golad compouﬁds
for a set incubation period of 30 min at 37°.
Expanding on these results, the effect of incubation
time of various drug concentrations on the respiratory
burst  stimulated by fMet-Leu-Phe, TPA and QF' was
investigated. . The results indicated that AUR suppressed
the respiratory burst rate in a time- and dose-dependent
manner (Figure 14 (A, B, and Q)]. AUR exerted a
biphasic effect on superoxide anion generation induced
in ﬁeutrophil by each of the stimuli. At_loﬁer AUR
concentrations (0.1 - 1 uM), the rate of superoxiggb_
anion generation was slightly enhanced in fMet-Leu-Phe-
stimulated cells [Figure 14 (A)], and was not inhibited
with increasing time of -exposure to the &rug. A similar
result was obtained in TPA- and F;-stimulated cells.

However, AUR concentrations from 0.1 > 10 pM appeared to



Figure 14: Inhibition of'// the neutrophil

respiratory burst by auranofin.
,§ .

2

Neutrophils were preincubated in the
presence- of AUR for " the indicated time
intervals. stimulatory agent was added and the
rate of superoxide anion generation was
calculated and compareé//iz\ control rates. (A)
stimulatory agent = fMet-Leu-Phe, 0.1 uM; (B)
stimulatory agent = TPA, 0.1 pM; (C) stimulatory
agent = NaF, 18 mM. AUR concentration (pM) :
( 0 ) 01, (@)1, (a)10, (a) 20, (o)
100. Each point represents thé mean it standard

error of five determinations.
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enhance the TPA-mediated respoﬁse (Figure 14 (B)],
whereas, enhancement of the F -induced response was
demonstrated by the lower concentrations of AUR (0.1 - 1
pM), (Figure 14 (C)]). Higher concentrations of AUR
inhibited the reaction in dose-dependent manner, with

all stimuli employed. The extent of inhibition was also

122

dependent on the exposure time of cells to AUR prior to

the addition of stimulus. U

’ v -
on initial inspection, it appears that the F™-

induced generation of superoxide anions was more
sensitive to  inhibition by AUR that the fMet-Lé&u-Phe-
and TPA-mediated responses. However, with the concen-
tration of stimuli wused in this study, the lag periocd
for fMet-Leu-Phe- or TPA-induced responses is far less
that that for F~ (refer to Table VI). Thérefore, the
period of exposuée of neutrophils to AUR is actually
longer that is apparent in Figure 14(C).

Echoing previous findings in intact cells, GST was
much 1less potent as an inhibito#/ of the respiratory
burst compared to AUR. Weak iﬁhibition by GéT was
detected at concentrations grqater than 0.5 mM. -

F. THE EfFEC@ OF GOLD COMPOUNDS ON SbPEROXIDE ANION

GENERATION BY.THE\NEUTROBH;L GRANULE-RICH FRACTION.

The granule-rich frggtiong,wal isolated from TPA-
activated neutrophils to assess the possibility of AUR



having a direct action on the NADPH oxidase enzyme
complex. _

In the absence of NADPH, the granule-rich fraction
showed no detectable generation gf superoxide anions as

measured by the ferricytochrome c assay. This :confirms

7

the presence of NADPH oxidase actiVity in the granule-

rich fraction. TPA preactivation of cells was also a
prerequisite for superoxide anion generation. That is,
the gr;nule—rich fractioﬁ isolated from unst;mulated
neutrqphils ngaxﬁﬂ;ble to reduce ferricytochrome c aone
and beyonak : éeduction detected by NADPH alone.
(Control ‘studies performed in the absence of the
granule-rich fraction, showed a very small reduction of
ferricytochrome c due to NADPH. This was corrected for
in the actual experiments involving the granule-rich
fraction.) '

The granule-riéh._-£raction isolated from cells

pretreated with either AUR (20 pM) or GST (0.5 mM),

showed a similar rate of supefoxide anion generation

compared* to. that of the control (0.1% ethanol). 1In
another study, the _direct eff@ct of the gold compounds
on the granule-rich fractionf isolated :rom untreated
ceils, was investigated. The results indicated thit
.both gold compounds failed to affect the rate of
generation’ of superoxide anion by the /granule-;ich

fraction -(Table VII). . The difference in the means of

o
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Table VII: Effects of gold compounds on the genera-
tion of superoxide anions from the

granule-rich fraction of neutrophils.

Rate of superoxide

‘anion production?®

control - no NADPH 0

gold comﬁounds added to intact cellsP
no drug 3.06_? 0.50
AUR (20 uM) 3.20 £ 0.%0
'GST (0.5 mM) . _ 3.30 ¢+ 0.40

gold compounds added to isolated aranule-

rich fraction®

no drug 1.00 t 0.16

AUR @o HM) ; 0.97 t 0.20

GST (0.5 mM) 0.90 100.10
amnol/min/los, cell equivalents. Intact cells vwere

activated with TPA (o.1apM, 10 ﬁin) and the grihulc-rich
fraction ,isolétéd and assayed as described in MATERIALS
AND METHODS; éesﬁlts are FhP mean % 3tandafd of&or of
10 determinations ‘ | ’

bthe - grénule-ricﬁ fraction was isolated from cells
which had been pretreated with the gold compounds for 3Q-
min at 37°C prior to activation with TPA | . -
Cthe gold compounds were a@ded directly to " the

granule-ri&hntraction obtained from untreated cells

]
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the rates of superoxide anion production between the

N \‘% “

granule-rich fractions of gold drug-treated and

untreated cells, reflects individual variations existing

among the two groups of cell populations tested. These

values are much lower than one would expect from intact

cells (refer to Table VI). Previous investigators

(Light et al., 1981; Wong and Chew, 1985), have
attributed this finding to the labile nature of the
grapule-rich fraction and to 'the loss of active material

N \
which occurs,during its preparation.

G. REVERSAL OF AUkANOFIN-ﬁEDIATéD"INHquTon OFa‘THﬁ

. RESPIRATORY BURST BY DITHIOTHREITQL. ' . ‘

4 In an attempt to demonstrate\ a deéendence of
AUR-mediated inhibition of the respir&§ory burst on
intracellular free sulfhydryl groups, the tﬁdol pro-
tective agent, dithiothreitol, was employed. Figure 15
illustrates the reversal of AUR's inhibitory action on
the éenerationq of superoxide anions elicited by

fMet-Leu-Phe. = . A complete attenuation of the response

was demonstrated in cells preincubated with 20 pu AUR

for 5 min. Preincubation of cells with 20 MM AUR and 1

mM dithiothreitol resulted in a reversal of AUR-induced
inhibition and a response equivalent to that elicited by
fMet-Leu-Phe in control cells. Dithiothreitol alone did

125

not affect superoxide anion production in stimulated

e



Figure 15: The effect of dithiothreitol on the
Tinhibition of the respiratory burst

mediated by auranofin. ,
Neutrophils were pretreated for 5 min

at 37°% with 0.1% ethanol ( o ), 20 uM AUR
( | a 3, 1 mM dithiothreitol ( e ), or 20 uM AUR
and 1-.’mM w&ithiothreitol 7(_ A 'fy prior to
stimulation by 0.1 pM fMet-Leu-Phe. Superoxide
anion production was measured its ability to

reduce Werricytochrome c¢ as described in

MATERIALS AND METHODS. -
\
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cells. The results of this study are consistent with
those of Roisman and coworkers (1983) wherein dithio-
threitol reversed the inhibition mediated by AUR of the

immune complex-induced neutrophil respiratory burst.

.H. INTRACELLULAR CALCIUM MEASUREMENTS 1IN STIMULATED

NEUTROPHILS AND THE EFFECT OF GOLD COMPOUNDS.

As reported in the previous section, the TPA-induced
respiratory burst was suppresged in a time- and dose-
dependent  manner by AUR. Since TPA activates protein
kinase C, it 1is suggested that the gold drug inhibits
the generation of superoxide anion at this 1level.
However, it 1is necessary to assess‘whether early signal
transduction stéps, such‘as activation of G—proteiﬁs and
phosphoihositid; turnover, are being compromised by
AUR. Since the actiQation of these early steps
ultimately 1leads to the mobilization of intracellular
calcium, this present study was undertaken to test the
effects of the -gold compounds, especially AUR, on the
levels of intracellular calcium in resting and
stimulated cells. Measurements of intracelluar calcium
concentration were made by use 6! the fluéroscent
calcium cﬁelators, Quin 2/AM and Fura 2/AM.

Upon exposure to 1 uM fMet-Leu-Phe or 18 mM NaF,
neutroplrils respond with _an increase in the levels of

cytdsoiih\ free calcium. The’jgyot-L‘u-Pho—induéod

128



increase in cytosolic calcium concentration is
/

characterized by a very rapid onset which platgaus and
declines 1in the course of 7-10 min [Figure 16(A)]. Upon
closer inspecéion, using the fluorescent calcium Rrobe,
. Furé 2/AM [Figure 16(B)], this influx of calcium occurs
in two phases. The first phase occurs within secgnds
after the addition of fMet-Leu-Phe and represents.the
mobilization of intracellular calcium stores as it is

" insensitive to the extracellular addition of the calcium

chelator, EGTA. The setond ” phase is latent (after 2
: V!

min), and 1is sensitive to the removal of extracellular

calcium. Thus, this phase represents the increase in

intracellular calcium concentration due to an influx
from the extracellular fluid.
. l-IigherJr levels of intracellular calcium conﬁentra—
tions were attained in fMet-Leu-Phe-stimulated cells by
the Fura 2 method as éompared to Quin 2, (approximately
900 nM and 400 .nM, respectively). This is due to the
high affinity of Quin 2 }or calcium which tends to
become saturated at increased levels of calcium which
are attained in the stimulated cell. Fura 2 has a lower
affinity for calcium compared to Quin 2 and this effect
is therefore not observed.

In response to stimulation with 18 mM NaF, there was

a very Qlow but immediate rise in intracellular calcium

levels in the neutrophil. Maximum calcium levels,

-
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Figure 16: Intracellular calcjum measurements in

* fMet-LeuysPhe stimulated neutrophils.

Fluorescence recordings of (A) Quip
2/AM- and (B)© Fura 2/AM-loaded neutrophils.
Cells were loaded with the fluorescent calcium
probes Quin 2/A¥ and gura 2/Aﬁ according to
MATERIALS AND METHODS. Cells were stimulated
with fMet-Leu-Phe (1 MM) in the presence
(+Ca2+) and absence (-Ca2+, 2 mM EGTA) of
extracellular calcium. In (A), measurements of

F (0.1% Triton X-100) and Fpy, (2 mM

max

EGTA/50 mM Tris) were made ¢to calculate the

£

intracellular calcium concentration.

s
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calculated using Fura 2, were at least 25% that obtained
in cells stimulated with fMet-Leu-Phe.

The addition of TPA (0.1 uM) to Fura 2/AM-loaded
cells prior to stimulation with fMet-Leu-Phe, had no
effect on the tluorescenée signal. However, upon the
;dditlon of fMet-Leu-Phe, a dramatic difference in the

\

fluorescence p';atterns4 is obtained compared to that of
fMet-Leu-~-Phe aloné (F}gure 17). In fact, the pattern
observed |is reminisc;nt of that obtained by the removal
of extracellular calcium with EGTA. This is prlained
by the findings Af‘ﬁarious groups (Tsien et al., 1982b;
Drummond, | 1985; Sagi-Eisenberg et al., 1985), that, in
various cell types, cytosolic calcium concentration is
decreased by the addition of phorbol esters. It has
been proposed that protein kinase C activates calcium-
transport adenosine triphosphatase and thereby promotes
the rapid extrusion of calcium from inside the cell.

)

Monitoring the transient’ increase in intracellular

calcium coneentration upon addition of fMet-Leu-Phe and

F to cells in the presence of gold compounds pro-
vided interesting and valuable results. Preincubation
of Fura Z/An-loaded neutfcphils with 20 pM'AUR for 5
min, a concentration and time which inhibited the
fMet-Leu-Phe- and F -mediated respifatory burst, did
not inhibit the increase in intracellular calcium

concentration induced by either of these agents (Figure

Lo



Figure 17: The effect of phorbol ester on the

—

o fMet-Leu-Phe-induced changes in

intracellular calcium levels.

Fluorescence recordings of Fura

2/AM-1loaded neutrophils stimulated with
\

fMet-Leu-Phe (1 M) 1in the presence and absence

of 0.1 uM TPA.
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18). The second phase of cdalcium mobilization elicited
by these agonists was, however, affected by AUR. On
close inspection, AUR appeared to augment the calcium
influx phase of the fluorescence signal. Tﬁhs, AUR
promotes a greater influx of calcium into the cell, or
alternatively, inhibits‘ its efflux. The latter
possibility could occur if AUR was inhibiting protein
kinase C. It was previously demonstrated that TPA
inhibited the second phase of the fMet-Leu-Phe response
in a similar manner as EGTA. If AUR is inhibiting
protein kinase C, then the active extrusion of éalcium
throhgh the calcium-transport adenosine triphosphatase
would also be inhibited resulting in the accumulation of
calcium in the cytosol as demonstrated in F%gure 18.

The addition of GST had no effect on either phase of

the stimulated mobilization of intracellular calcium.

Both increasing the concentration or the time of

135

exposure of GST to cells did not alter the increases in -

intracellular calcium concentration induced by either

F~ or fMet-Leu-Phe.

I. THE EFFECT OF GOLD COMPOUNDS ON INTRACELLULAR

CALCIUM LEVELS IN RESTING NEUTROPHILS.
Upon addition to Quin 2/AM-lcaded neutrophils, AUR
induced a dose-dependent elevation in cytosolic calcium
/

concentration -+ (Figure 19). ~Unlike the response

;



Figure 18: Effect of AUR on calcium mobilization

induced by fMet-Leu-Phe and F .

Neutrophils loaded with the
fluorescent calcium indicator, Fura 2/AM, were
exposed to 0.2 pM fMet-Leu-Phe, 20 uM AUR, or 18
mM NaF at points indicated by arrows.
Fluorescence changes were monitored continuously
and intracellular calcium corcentration
([Ca2+]i) ~was calculated according to th;
formula [cCa?*]y = 224 nM (F - Fpy, / Fpax

- F).
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Figure 19: Auranofin induced dose-dependent
changes in intracellular calcium

levels. s

Various concentrations of AUR were
,added to Quin 2/AM-loaded heutrophils (indicated
by arrows) and éhe rises in intracellular calcium
levels measured. Control studies indicated that
the carrier solvent (0.1% ethanol) did not’ cause
measurable changes in intracellular calciuy

concentration.
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triggéred by fMet-Leu-Phe, the’ increase in calcium
concentration proceeded very slowly prior to reaching a
plateau. The rate of the calgium rice’was proportional
to the concentration of AUR utilized. Fura 2/AM-loaded
neutrophils were more sensitive to AUR in that the rise
in intracellular calcium levels occurred without an
apparent lag and reached greater levels of intracellular
calcium than that'of Quin 2/AM-loaded cells.

The effects observed with -AUR were not due to a
direct effect of the dfug on the fluorescence indicator
as studies in which the drug was incubated for extended
periods of time with the unesterified form of the
indicator L'(Quin 2), diad ﬂoﬁ reveal any changes ih its
fluorescence capacity. |
) The increase 1in fluorescence was not due simply to
leakade of calcium indicator back into the ﬁedium,‘eince
(a) the addition of EGTA to cell suepeneions after AUR
exposufe, and . (b) washing and resuspending AUR-treeted\\‘—-ﬂ
cells, did not reverée the rise in fluorescence.

Similar studies carried out with both Quin 2/AM- and
Fura ~2/AM-1oaded cells incubated in the presence of GST,
showed that this drug aid not’.acf: like AUR. Cell
suspeneions incubated with 50 ~ 500.pM GST, dndicoﬁtinu-
ously _monitoredd for 60 min, .ehowed no tluoreecence

changes. .

When the calcium iﬁ the extracellular "fluid was



chelated by EGTA, the addiéion' of AUR to the Fura
2/AM-1loaded cell susperion produced a very small
initial rise in intracellular calcium (Figure 20).
Calculations indicate a two-fold increase of
intracellular free calcium to approximately 200 nM.
This 1initial rise may represent the mobilization of
calcium from internal stores since it.is insensitive to
the removdl of extracellular calcium. However, the
major portion of the -induced response is dependent
on the presence of calci&n the \extracellular fluid.
The extent of AUR-induced changes in intracellular
calcium concentration was comparable to that mediated by
the calcium ionophores A23187 and ionomycin (Figure
21) . Under conditions where neutrophils were treatdd
. with the calciuﬁ ionophores, the addition of 2 mM EGTA,
at peak intracellular calcium 1levels, precipitated a
slow decline 1in the fluorescence signal, presumably due
to efflux of calcium from the cell and dissociation .of
calcium from Quif 2. In contrast, EGTA added to cells
after AUR exposure, had no effect on the elevated

increase in intracellular calcium concentration.

J. MEASUREMENT OF PROTEIN KINASE C ACTIVITY IN PHORBOL
ESTER-STIMULATED NEUTROPHILS.
Protein kinase activity, specific to protein-kinase

C, was measured by the ability of protein kinase C to

14



¢

Figure 20:

Auranofin-induced changes ip

intracellular calcium levels 1in the

presence and absence of external
calcium.
Intracellular calcium levels were

monitored by use of the fluorescent calcium probe

Fura

EGTA

2/AM.

Auranofin (45 uM), with and without

(2 mM), was added to loaded cell suspensions

at times indicated by the arrows.

N
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Figure 21: Auranofin- and ionophore-induced
changes in intracellular calcium and

the effect of EGTA.

Auranofin (74.6 M), ionomycin (100
nM) and A23187 (120 nM) were added to Quin
2/AM-locaded neutrophils at times indicated by the
arrowvs. .EGTA ~ (2 mM) was added to each of the

reaction mixtures upon reachi maximum levels of
intracellular calcium. - ﬁ
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phosphorylate exogenous histone III-S, one of jits
substrates, in a calcium- and phoapholipid-dependén;
manner. Figure 22 (A) demonstrates that optimum histone
phosphorylation was detected when calcium, phosphatidyl-
serine and diolein were present ;n t@e-assay mixture.
Enhanced incbrporation of 32p peaked at 10 min and
leveled off thereafter, . When phosphatidylsérine and
diolein were removed }rom the system, a small " but
significant level of histone b phosphorylation was
detected, probably due to the activation df other
calcium-dependent kinases. Thus, background readings in
the presence of calcium alone were utilized as negative
controls and were subtracted from positive controls and
sanples (in the presence of phospholipid and calcium),
in all subsequent assays.

Of particular importance is the requirement for
leupeptin 1in the cell homogenization buffer for optimum
detection of protein kinase C in subcellular fractions.
Leupeptin is ~an inhibitor of calpain and similar
proteases. As was mentioned in the INTRODUCTION, these
proteases attack protein kinase C and render it a
calcium- and phospholipid-independent kinase. Figure 22
(B) demonstrates that when cells were homogenized in the

absence of leupeptin, no calcium- and phospholipid-

dependency was obser?od. - Subsequent -qxporimontl\

‘employed leupeptin in the :cell homogenization-buffer to

146



Figure 22: Optimum conditions for detection of

protein kinase C activity.

Cytosolic neutrophil fractions were
obtained from the 100,000 x g supernate of
sonicated resting neutrophils in the presence (A)
and absence (B) of 0.1 mM leupeptin as described
in MATERIALS AND METHODS. Kinase activity was
assayed by measuring the amount of 32p
incorporation into exogenous histone over various
time intervals wup to 10 min. The assay mixture
contained 20 mM Tris HCl, pH 7.4; 10 mM MgCl,;
0.2 mM CaCl,; 0.36 mg/mL histone Type III-S; 20
M [ v -32PJATP (50 - 100 cpm/pmol); 0.01%
Triton X-100; with ( 0 ) and without ( @ ) 1.2 mM
phosphatidylserine and 15.4 pM diolein; and 50 uL
of sample fraction in total volume of 250 uL.
Each point in A and B represents the mean of six

determinations with 1less than 5% standard error

of the mean.
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avoid conversion of protein kinase C to protein kinase M
(Melloni et al., 1985), and an incubation period of 15
min for optimal detection of histone phosphorylation in
the actual assay.

In &agreement with previous studiés (Pontremg}) et
al., 1986; Shoji et al., 1986), TPA caused a rapid
translocation of protein kinase C from the cytosolic to
the particulate fraciion of the neutrophil within
minutes after its addition to cells. Figure 23
demonstrates the rapid disappearance of cytosolic
protein kinase C after the addition of 0.1 MM TPA to
cells. Redistribution of protein kinase C by TPA was
dosq:dependent in that 1low concentrations (0.1 - 1 nM),
although promoting translocatién of the kinase, did so
at a slower rate than higher concentrations (10 - 100

nM) .
J

/

K. THE EFFECT OF GOLD COMPOUNDS ON THE DISTRIBUTION OF
PROTEIN KINASE C BETWEEN NEUTROPHIL CYTOSOLIC AND
PARTICULATE FRACTIONS.

Pretreatment of neutrophils with AUR (20 uM) caused

a time-dependent decrease in the amount of protein

kinase C activity detectable in the cytosolic fractioh

(Figure 23). Compared to TPA, the AUR-induced decrease

in activity was much more gradual reaching baseline

levels between 45 and 60 min. GST (100 uM) caused a

149



Figure 23: The presence of cytosolic protein
kinase C activity in phorbol ester-

and auranofin-treated cells."

Neutropﬁils were treated with TPA
( o , 0.1 uM) or AUR ( @ , 20 uM) for the
indicated peripds of time prior to cellular
disruption and ultracentrifugation. The 100,000
X g supernatant was assayed for calcium- and
phospholipid-dependent kinase activity as
described in MATERIALS AND METHODS. The results
represent 1 of 5 experiments which provided

identical results.
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similar decfease in‘cytosolic protein kinase C activity
to that of AUR.

To astertain whether the gold compounds promoted
translocation or redistribution of protein kinase C,

particulate and cytosollc neuprophil fractions were

152

assayed for their content of protein kinase C activity/‘

(Figure 24). - These fractions were obtained from célls
which had been treated for 30 min with various
concentrations of AUR (5 - 20 ug) or GST (5 - 500 uM).
AUR caused a dose-dependent decrease in the levels of
cytgsolic protein kinase C upon ihcubation with in;act
neutrophils. The decline in activity was significant at
AUR concentrations greater than 10 uM with increasing
concentgations causing ' decreasing protein kinase ¢

levels. Similar results were obtained with GST but to a

lesser extent than AUR. In fact, at eguivalent gold

concentrations, AUR was at least 5 - 10 times more
effective than GST in altering c&tosolic protein kinase
C levels. 'The partic;;x;ate material did not provide
evidence of a concomitant increase in protein kinase C
levels to maﬁch that losﬁ'frqm corresponding cytosolic
fractions. ‘A correlation could be made for 20 uM AUR,

although the iKcrease' in particulate activity was not

large enough to account for the loss in kinase activity

, . /o
from the cytosol. For example, 20 uM AUR reduced
cytosolic activity by 16.25 * 2.00 nmol (SE) P/ mg

!



Figure 24: The effects of gold compounds on the
distribution of neutrophil protein

kinase C activity.

Cytosolic and particulate cell
fractions were obtained from the 100,000 x g

supernatant and detergent- solubilized pellet of

AUR ( D , 5-20 uM) and GST ( , 5-500 uM),
pretreated cells (37°C, 45 min). Protein kinase

C activity was measured as the calciumT and
phospholipid-dependent incorporation of 32p
onto histone and expressed as a percentage of
levels of activity found in cells not exposed to

the gold compounds (control). Results are the

mean t standard error of six determinations.
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érotein, while 1increasing the particulate activity by
1.62 t 0.25 nmol P;/mg protein. Relative to cytosolic
and particulate _protein kinase C 1levels in reéting
cells, the former declined by 80% while the latter
-increasedw 25%. By comparison, TPA decreascd cytosolic
protein kinase C =activity by approximately 85% and
concomitantly raised the particulate activity by a
similar amount (Figure 25). Under conditioné in which
TPA was added to cells after a 30 min preincubétion wigh
either gold compound, significant changes in cytos?lic
kinase ;ctivity were noéﬁ obseryeg; and only small

. \ ,
increases in activity were detected in tgé particulate

material compared to\»that measured wjith TPA alone

I4

(Figure 25). N .

These results ca? be interpreted in at least two
ways. Tﬁq first is that the ébld compounds are'difectly
inhibiting protein kinase ¢ and that the interaction of
either ‘drué with this enzyme precludés_its activation
and erdistribution by TPA or diacylglycerol. Alterna-

tively, the gqld'compo ds could promote the transloca-

tion of protein kina C to the membrane and render it

.inactive either by bound dfug or proteolytic damage as a

result of its juxtaposition with proteases:

. e

-
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Figure 25: The effects of gold compounds on the
phorbol ester-induced distribution of

neutrophil protein kinase C.

Cells were pretreated with AUR (20
BM) , GST (0.5 mM) or “carrier solvent (0.1%
ethanol), for 45 min at 37°C. Where indicated,
TPA (0.1 juM) was added to cell suspensions at the
35 min time point. The neutrophil fractions were
obtained and assayed for calcium- and phospho-
lipid-dependent kinase activity as described in
MATERIALS AND METHODS. Resglts are the mean t
standard error of 5 determinations and are
expressed as a percentage of control levels of
activity in subcellular fractions prase%t in?

resting cells. -
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L. NEUTROPHIL CYTOSOLIC AND PARTIALLY~-PURIFIED PLATELET
PROTEIN KINASE C ACTIVITIES IN THE PRESENCE OF GOLD
COMPOUNDS.

This study examined the possibility that the gold
compounds may be 1inhibiting protein kinase C in gitu.
Cytosolic material was obtained fném resting cells and
was then incubated for various times in the presence of
AUR or GST prior to measuring the activity of protein
kinase C. Calcium-c and phospholipid-dependent kinase"
activity measured 1in the cytosol was unaffected by the
gold compounds regardless of the conéentration of drug
employed (O.i - 100 pM), or the time of incubation (5 -
30 min). Since the <cytosolic protein kinase ¢
concentration was unknown, it was assumed to be high and
therefore insensitive to a direct action of the gold
compounds. Thus, dilutfbns of the cytosol were made and
the effects of 20 pM AUR and 20 pM GST on protein kinase
C actiyity were examined. Figure 26 illustrates that
sen;itivity' to inhibition by t@, - gold compounds
increased as the cytosolic material became more dilute.
Enzyme activity pres‘nt in dilutions groatof than 0.9
(dilution ratio, €§volumo cytosol/total volume) was
enhanced by the presence of AUR or GST. When dilutions
less than 0.1 were naé;, control values of protein
kinase C activity céﬁld not ho_noqiurod accurately, and

t&cjafore,‘ hcasuromcnﬁs of activit‘in the presence of



Figure 26: The direct effect of gold compounds
, on neutrophil cytosolic protein

\ kinase C.
Neutrophil cytosolic material was
obtained from the 100,000 x g supernatant of
homd%:nized cells. Dilutions Qof the cytosol were

made \in extraction buffer (25 mM Tris HC1, bH

X

7.4; 1 mMrﬁDTA; 2 mM PMSF; 0.25 M sucrgigl 0.1 mM
leupeptin; 10 mMQ\B—mercaptoethanz}fj/ and 20 uM
AUR ( o ) or 20 puM GST ( @ ) were added, mixed
ahd assayed 10 min later, for protein Rinase C
activity. Each measurement of activity was
coﬁpared to a control in which the same dilution
‘of cytosol was made but no‘{;;hg was added.
Results are the mean *t standard error of 4
determinations and are expressed in terms of a
diluglon ratio, e.gi a dilution ratio of 0.5

[\

indicates a 1:1 dilution of cytosol in extraction
. buffer. '
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gold compounds could not be assessed.

A direct effect of the gold compounds on-the kinasé
was further studied by examining the activity of
partially-puriﬁied protein kinase in the presence of AUR
and GST. Both AUR and GST inhibited the activity of
platelet protein kinase C in a dose[éependent manner

s (Figure 27). The est{gated concentration giving 50%

inhibition (ICg5y) of AUR was 0.77 uM and that for GST
was 3.76 .M. The gold compounds completely inhibited
proteiq kinase C activity at concentrations greater.than'
107M. At 3\ fixed concentration of either AUR or GST
(10 pM), inhiﬁifion of the enzyme oécured instanta-
neously as it gisplajed no measura]:?le time-dependence.
The carrier solvent, 0.1% ethanol, had no effect on the
enzyme compared to control activity. *
Inhibition by the gold drugs of the enzyme could be
reversed Py increasing the concentration of platelet’
protein kiﬂase C at a fixed AUR éoncentration under
standard assay condition; (aigure 28).‘ This result
implies a direct inhibitory effect of the drué on the
enzyme. _ ..

_ ,-

‘M. PROTEIN . KINASE . C-MEDIATED ENDbQENOUS PROTEIN
PHOSPHORYLATION p IN GOLD  ~  COMPOUND-TREATED
NEUTROPHILS.

Blockade of protein‘ kinase € activity in intact

a

LN



Figure 27: The dose-dependent inhibition of

platelet : protein kinase ¢ by gold

compounds. ' f

Platelet protein kinase C was
partially purified according to MATERIALS AND
METHODS. The initial rate of histone
phosphorylation in the absence of gold compounds
was 53.2 pmol Pi/min. AUR (o ) or GST (e )
were added directly to ‘thel enzyme prior to
assay. Data are the average oé duplicate samples
from ° one experiment representative of three

providing similar results.
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Figure 28: The effects of increasing platelet
protein kinase ¢ concentration on
auranofin inhibition of enzymatic

activity.

AUR ( @ , 10 pM) was added to various
concentrations of partially-purified protein
kinase C (refer to MATERIALS AND METHODS for
details of purification), priora to assay.
Corresponding assays were performed in the
ébsence of druq ( O, 0.1% ethanol). Results are
the average . of duplicate sanples of one
experiment feprésen;ative of three providing

similar results. N
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qneutrophils was assessed by comparing endogenous protein

phosphorylation patterns in cells treated with
combinatdons of TPA and gold compounds (Figures 29 and

30).  In agreement with previous reports (Segal et al.,

. g ‘Heyworth and Segal, 1986; Ohtsuka et al., 1986;

¥

-

M -

.

\kawa et al., 1986), a range of proteins were slight-
‘iy Ehosphbrylated in resting cells. Activation of cells

with TPA enhanced phosphorylation of over 10 protein

\
bands ~ which reached maximal levels after a 2 nin

\exposure to the phorbol ester. Proteins of relative

molecular mass (M 40,000, 44,000, 47-50,000, 65,000,

r)
and 66-90,000 were most heavily labelled.

166

The addition of 20 pMVAUR to labelled cell suspen—‘

sions,' resulted: in weaker phesphoryletion ot proteins
compared to that observed with TPA (Figure 29). The
~excepeion was a protein ’or"Mr = 20-22,000\which was
predominantly ‘phosphoryldted after a z'min incubatien
with .this drug. The simultaneous addition of TPA and
AUR to labelled cells resulted in rapid phosphorylation

' of proteins sijgi;:b to * that observed with,TPA alone. .

Wwith continued Yindubation, the extent of protein phog-

phorylation d&clined to levels close to that observed in

\

) the ccmtrol situation (0.1% ethanol + ¢.1% Mest)

Decreesed-.labellinq wvas ‘poted for .the M, =477

50,000 :protein: band.'.  .The phospheryleﬁioh‘ of this -
. N N B s .

ﬁreteih " band has been shown to be ip?otein} quese '

~— 3 e ' . . ' KN



Figure 29: Endogenous protein ~ phosphorylation
mediated by phorbol ester and

auranofin.

Neutrophils were labelled with

32po,  according to  MATERIALS - AND METHODS .
‘cells were stimulated with TPA (0.1 ,.n;z),, AUR (20
JM) or a combination of both, for the tiﬁes
indicated as follows: a - 0.1% ethanqll+ o.i%
Me,SO, 2 min; b - TPA, 2 min; c - TPA, 5 ‘n&in; d
- «TPA, 10 min; e - TPA 20 min; £ - AUR, 2 min; g
- AUR, 5 min; h - AUR, lO.min; i»- AUR, 20 min;'j
- TPA + A\im, 2 min;');c - BPA + AUR, 5 min; 1 - TPA
+ AUR, 10 min; m - TPA + AUR, 20 min; n - 0.1%
ethanol + 0.1% Mezso; 20 min. This experiment

-

represents one of 4 experiménts demonstrating
\

similar phosphofylation patterns. .

)
AN

o
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Figure 30: Endogenous protein phosphorylation
mediated byr_phorboi ester and gold
sodium thiomalate.

Neutrophils were . labelled with
32po, accofding to  MATERIALS AND METHODS.
Cells we;e stimulated with TPA (0.1 pM), GST (20
BpM), or a combination ©bf both for the times
indicated as follows: a - 0.1% Me,SO, 2 min; b
- TPA, 2 min; ¢ - TPA, 5 min; d - TPR, 15 min;
e - GST, 2 min; £ - GST, 5 min; g - GST, 15 min;
h - TPA + GST, 2 min; i - TPA + GST, 5 min; j -.
TPA + GST, 15 min. This experiment respresents

one of 3 experiments demonstrating similar

" phosphorylation patterns.
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C-dependent and necessary for the activation of NADPH

~ oxidase, the engymatic system reéponsible for the
respiratory -burst. Studies repeated uslng GST (20 pr;
failed: toAfdemonstrate inhibition of TPA-induced protein
phpsphorylation (Figure  30). HSwevdY, GST did induce a

L ]
rapid phosphorylation of the M, = 20-22,000 protein
similar to AUR! o
Forskolin, a known activat&r of adenylate cyclase,

and therefore, of* the cyclic adenosine monophosphate-

dependent protein kinase, induced protein phosphbry-

lation in neutrophils which was insensitive to the

17

presence of AUR or GST. Similarly, ~neither gold ,

compound affected protein phosphorYlation induced by an.

increase in intracellular calcium levels, that, is, in

cells stimulated by the calé/um ionophore, A23187

r

‘A

.
N. GOLD COMPOUND-INDUCED DISPLACEMENT OF PHORBOL ESTER
L - * .
FROM NEUTROPHIL CYTOSOLIC AND PARTIALLY-PURIFIED

+ .
PLATELET PROTEIN KINASE C. /
]

The ability of the gold compounds AUR and GST, to:

v . - ' Y « <

displace  phorbol 12, 13-dibut9rate from its cellular

‘receptor, protein kinase C, was oxamined in this study. .

4
Phorbol 12, 13d%ibutyrate is a pnorbql ester which

displays a ten-fold 1lower potency and much less ;1phof~

philicity than fPA. " Due to its extensive non-pccific

inperactiohs with - cellular ‘components, Q3H]TPA has
¢

Ps



s

been reélgced b¥/ [3H]phorbol 12,13-dibutyrate>"in
‘Assays of binding to prptein kinase C. The specific
binding of [3H]phorbol .12,13-dibutyrate . was found to
be saturable, of ; high affinity, specific' for

biologically active phorbol esters, reversible and

stable (Delclos. et al., 1980; Driedger and Blumberd,

' 1980). VN :

Specific’ bindir:g of [3H]phorbol "1&13-dibutyrate
to the neutrophil cytosolic receptor was dependent upon
the preseﬁce _of phosphatidylserime and calcium in the
reaction. It could be displaced from the receptor by
the addition of’incrggsing concentratio?s of diolein or
TPA. ﬁinding of the 1ligand to the cytosol increased
with time of incubation at 3§°C and reached a plateau
at 15 min. .A Scatchard Analygis of [3H]phorbol
12,13-dibu£yrate binding to the neutrophil cytésdlic
réﬁeptor is shown in Figure 31. A dissociation éonstﬁnt

&

for phorbol 12,13-dibutryate from the fapeptor (Kp)

was found to be 9.9 nM, a valueé consistent with previous

o

reborts (5-90 nM, Sharkey et al., 1984; Kénig et al.,
1985) . ' : - | |

° When ~ specific. binding _of [3H]phorbol 12,13-di-
butyfite to its cytosolic receptor was measured in the
ptesence of . either AUR or GST,"a- dose-dependent

inhibition - was observed (Figﬁre 32). - ﬁeither drug

172

-

affected nonspecitic binding. 1Cgq. values were 75 uM

’

-
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.. -
Figure 31: -Scatehard analysis of qucifi}\

\ - -
[3H]phorbol 12,13-dibutyrate bin-

ding to the neutrophil cytosolic »
. ”

;. receptor. v

-

A

3 :
Specitic binding to the neutrophil

, cytosolic receptor was measured in theopieséncé
of phosphatidx}sérine . (62.5 pg/mL), calcium
chloride (1 mM), phorbol 12,13-dibutyrate (3b uM)
and a range of [3H]phorbol ~12,15L&ibptyrate

concentrations. Reaction mixtures were incubated

at 37°C for 15 min. The nonlineadr regression -

program LIGAND was used for curve fitting.

Points are the average of triplicate deter-

\\ypinations. V o -

Ao
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Figure 32: Inhibition of specific [3H]phorbol
: 12}13-dibutyrate binding to the
neutrophii cytosolic receptor by

> auranofin and gold sodium thiomalate.

. t
sﬁec;ric binding of [3H]phor501

12,13~-dibutyrate was measured' in the presence of

phosphatidylserine (62.5 pg/mL), calcium chloride

(i— mM), and the indicated'concentrations of goid~

compounds  to approximately "3 mg/mL cytosolic
protein. The mixture was incubated ﬁos;ls min at
37%. Nonspecific binding was measurad with
determinations at each drug concentration. A
final concentration of 10 nM hot ligand and 1 pM

cold 1ligand were~utilizad. Each pdintfrepresents

P ! ,
the mean 1t .standard error of five experiments. .

AUR (O ), GST (@ )."
) }

I
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an 2.5 pM for AUR ap@ GST, respective%y. Thesed values
‘correspond to approximate inhibitory coniiqﬁﬁs (Xy)
\values of 37 pM fo¥' AUR and 1.2 pM for GST using the
equation Ky - ICgo/ (1 + 1/Kyq) as -déscribed in
MATERIALS AND METHODS '
Similar results were obtained when specific binding
of‘ [3H]phorbol ‘i2,13-dibutYrate to partially-purified
> platelet protein kinase C was measured. _ Both gold
compoupds displaced bound ligapdqin a biphasic manngr. v

GST appeared to be more effective in displacing thed
ligand. féom its receptor kfigure 33), since the ICg*
~of GST (4 pM) was épproximately ti%®e-fold less than that -

' for AUR (22 p). <

{

-

0. IMMUNQBLOT ANALYSIS OF THE INTEGRITY AND -
DISTRIBUTION OF NEUTROPHIL PROTEIN KINASE C IN THE
PRESENCE OF GOLD COMPQUNDS. |

= Polyclonal antibodies raised against rat brain
Qrgfein kinase C have been utilizéd to heasure lovels of
this enzyme in various tissues, calls ’;nd cellular .
" fractions (Gifard» et al., 1985; Girard et al., 1986:
Huang et al., 1986; Girard et al., 1987). In the
ﬁ?jority of the celis studied, one of‘the naiorfprotcinn
--detected' by immunoblot analysis h)(_a nolocular woiqht
of approxinately 80_000, characteristic of nativo
protein kinase c. Altogationn in the size of the enzyme
_ v ; -

I \\ N



Figure 33: Inhibition _of specific 13H]phorbol

12,13-dibutyrate- \fbinding to the
> partially-purified plateiet. receptor
. by auranofin ~ and gold sodium

thiomélate.

a
-

\ . - .
’Spééiﬁic binding of  [3H]phorbol
12,13-dibutyrate was measured in the presence of
phospﬁgtidylseriﬁe (62.5 Mg/mL) , calcium chloride
(1 mM), and the indicated concentratigr ofléold
compounds‘ to approximatelyt 0.3 mg/ﬁL ::zélaily-

purified platelet protein kinase C. —~ =An

R . _
incu?g;ion period of - 15 min at 37°% was
émployed. Nonspecific binding was measured with

determinations at each drug concentration.'“ A

final concentration of 10 nM hqt'ligand and 1 pM
. ! |

cold 1ligand were utilized. -Eacn\point represents

the mean * standard error® of values frbm four

exﬁarimenés. AUR ( 0), GST (@ ).

»
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due to proteblytic enzyme ®ctivity can also be detected:’ .

since’ the (aﬁtibodies ~can recognize variols epitopes of

the molecule. Thus, immunpreacvtive fragments of 50,000

and 63,000 molecular weqjght have been det\ec(ed, among
v N

others, and shown to pe derived from the hativé#gnzyme. -
In the present studies, ‘ells pret;eatéd with -

carrier solvent, TPA, AUR,- or GST,. for 15 ;l;in,;were

~ ¢

" homogenized in ot SDS buffer to‘prévent broteolysi's of .

-

the native protein kinase C .species (Girard etk';l.,.
1986):S Immunoblot analyéeg of the homogehates .we‘re
performad. to investj:ggte .w_hei:hef the,_ gold compounds’
P ométed ‘pro}:eoljﬂ:ic ‘d'egradation of ' protein kinasek c.
%is may a,ccoux‘xt‘ for the gf:ld drug;ixxduced reduction in -
enzymad activity detected 1in Figﬁzl'es 23 and 24. Figtife"
34('A) illustrates the pattern of",immunoreactive bands
‘under the four conditions examined. The maﬁin conclusion
is that the gold compounds did not 'aiter the molecul‘ar‘
‘wpights " of tim bands recognized by the antiserum
compared to thosé recognized in ‘control or'TPK-treatgd
cells. However, the major immunoreactive band in all of
the homogenate samples had a relative ‘molecular. ‘wé'ght

<

of approximately 67,000, - much less than the native

¢ enzyme s}:eéies. | Smaller fragments were also dgtected

but to a lesser extent. Addition of the protease
inhibitors 'PMSF, . deupeptin, . o_r' diisopz;opylfluoro'-
phosphate, .did not alter the size of these fragments,

4
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Figure 34: Immunological detection of protein
- ‘ - K a
"~ kinase € in neutrophil homogénates,

\ L R - .
cytosolic and particulate fractions.
. £

Samples were prepared according to

HATERI%LS AND METHODS. Cells were stimulated
* .with. TPA (0,1 pM), AUR (20 pM), GST (0.5 mM), or
.combinations of these, for 15 min. (A) and 5 min

(B) at 37° prior to homogenization and

-

separation into ugpbcellulé.r components. Resultsg¢
are representative of at least one other

providing similar blotting patterné.

-

. ; R . . -
(A) Whole cell homogenates: a - 0.1% ethanol +

O 1% Me,SO; b - TPA; c - AUR; d - GST. |
{(B) ' Neutrophil cytosolic (c) and particulate (p)
fractions: |\ 3. - 0.1% ethanol + 0.1% Me,SO; b -

TPAs+ c =~ AUR; d - GST; e - TPA + AUR; £ - TPA +

. £ [
GST. \\\h ‘ : y
. . R T la
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that 1is, native protein kinase C (80,000) could not be
detected in the neutrophil homogenates (Dr. 'Peggy
Girard, personal communication). ’ -

Fggure 25 demonstrates an inhibition of TPA-induced
translocation of protein kinase C activity by the gold
compounds. To verify these results, immunoblot analyses
were cond~ted on neutrophil cytosolic and particulate
fractions under varying conditions of TPA and gold drug
pretreatment. ’The results of Figure 34 (B) indicate that
TPA caused a pronounced decrease in the major immuno-
reaétive fragment of- protein kinase C (67 kD) from the
cytosolic fraction of the neutrophil. This decrease was
noq\ accompanied by a corresponding increase in the

particulate fraction. Girard and coworkers (1987)

183

reported a ;imilar finding in cChinese hamster ovary“

~cells. ‘They found that TPA enhanced degradation of
particulate-associated protein ﬁinase C which coulq be
reversed by the addition of diisopropylfluorophosphate.
-The ad&ition ~of this protease ‘inhibitor to noutrophi}l
did not reduce degradation o&zthe particulate-associated
immunoreactive material (data not shown). Regardless of
the 'auration of TPA protréatm‘nt‘ of the cells,
insufficient particulate-associated material was
recovered to account for the material ‘1o-t from ého
cytosol. | Co-treatment of cells with TPA;and either AUR

(20 pM) or GST (0.5 mM) inhibited the reduction in

2



cytosolic material observed with st;mulation by ' TPA
alone. Thus, the gold compounds interfered with the
ability of TPA to reduce immunoreactive material in the
cytosolic fraction of the neutrophil. Since this
fragment 1is recognized Sy the antiserum, it is assumed
to be deri;;d from protein kinase C.

To date, these Are the first studies in which
TPA-induced translocation of protein kinase C in the
neutrophil was invegstigated. The major immunoreactive
band was approximately 67 kD and pfobably represents a

proteolytic fragment of the native protein kinase C

species. However, = this could not be substantiated by

184

studies wherein various protease inhibitors were added .

to the cell to prevent degradation of the enzyme. It
should be noted that the neutrophil is a specialized
cell replete with large gquantities of proteases whose
effects may not be overcome during c;ll lysis. Whether
protein kinase C is normally a 67 kD neutrophil protein
or is degraded to this state durihg experimental
manipulation remains to be investigated. This protein
does {etai? calcium- "and phospholipid-kinase activity
since ﬂ?uch activity can be measured in neutrophil

cytosolic and particulate fractions.
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DISCUSSION
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I THE LOCALIZATION Oi“ GOLD DRUG .ACTION TO PROEEIN
KINASE C
D
The main thrust of this research project was to
dxamine the mechanism(s) of action of gold compounas

used therapeutically in the treatment of rheumatoid
: '

arthritis. Utilization was made of the neutrophil and

the studies focussed on the underlying mechanisms behind
the multiple: antiinflammatory effects exhibited b}.AUR
and GST. The majo:Yconcluéion, based on the results of
these studies, is that gold coérﬁination complexes
interfere with neutrophil ‘'signal transduction. at tﬁe
leve]: q\f_ péotéin kinase C. | \‘

In the! resting cell, the major fractioﬂidf protein
kinase C activity was 16calizga \}o the cell cytosol
(approximately 20-30 nmol Pi/mé protein). . Both AUR
and GST induced a decrease in cytosolic ‘enzymatic
activity to baseline levels With;p_45-;0 min after ﬁhéir

addition to cells. TPA, a known tuméur-promoting

186

phorbol ester and activator of protein kinase C, induéed’

a decreafe in' cytosolic enzymatic activity and a
concomitant - increase = in particulate-associated

. [V o .
activity. This process took place within 5 min at a TPA

concentration - of o.i uM,; and was commengurate with

kinetics' of cellular activation. Since the timeg course

of disappea:ance' of cytosolic protein kinase CfactLvity



mediated by the gold compounds was guch longer than that
of TPA, and since the gold coméounds alone were unable
to elicit activation of neutroppil functions, it was
postulated that the gold compounds were iingibitin‘
protein kinase C activity as opposed to inducing iék
reﬁistribution to the partisuld;ev fraction. Iﬂ’faét,
enzyme assays of the dytosoiic fractions indicated that,
while there was A dose-dependent decfe;se in pytosoiic
protein kinase C activity with bg}h AUR and GST, an
increase in particulate-associated ?étivity of equal
magnitude was not detected (Figu;e 24). Further
evidence was provided b§ immuﬂoﬂlot analysis of
cytqéolic neutrophil fractions; the TPA-induced decrease
in cytosolic protein_kfnase é was not qbserved when the
cells were co-stimulated with the gold compouﬁdl Er}guro
34(B)]. A further.point,té be made is that if the gold
compounds ’weré inhibitiné the enzyme this inhibition did
not alter its~structure‘slﬁég it ﬁas still recognized b}

-

anti-protein kinase C antibodies.

187

.Diregt evidence of protein kinase C inhibitf%p by .

the .gold compounds was obtained by measuring°the altered
“activity of neutrophil cytosolic protcinhkinasc C and
;krtially-purified platelet protein ' kinase ¢ in tho
presente of AUR or GST. ~ The noutrophil cytclolic
protein kinase C activity in the ;oo ooo Xg lupornatant

of a 40 x 105 call homoqanato, was insgnlitivo to the
‘o A}' . ‘ , -7 . .
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presence of either AUR ar GST prior to aséay. Since the
cytosol is a concentrated mixture of many cellular
proteins, some which may interfere with the aétioﬁ of
the gold compounds, dilutions were made of fhis material
and the'activity measured iA the presence and abéenc& of
;lther AUR or ° GST. The gold compounds enhanced the
activity »o? protein kinase C when the dilutiog rgtio was
"greater than 0.9 (volume cytbsol/total volume). Why
these small dilutions enhance activity of the enzyme is
under investigation. However, dilution ratios less than
this became sensitive to inhibition bf AUR and GST
(Figurel 26). Both ‘AUR and GST displayed similar
: dose-deﬁendent inhibition of platelet prgtein kinese c
(Figure 57). Protein kinase ¢C activity dropped to
baseline'.levelé at cqncentragfons of either drug greater
than 50 puM. This inhibition was reﬁersed by increasing
the concentration of protein in the aséay, that is,
protein kinase C present in the reaction. Thus, it is
coﬂéluded that the gold éompounds inhibit protein kinase
C activity in situ. They do so in a manner dependent on
either the amouht of pgotein kinase C or the inteffering“
proteins in the reaction mixture, since inhibitign of
; ;he enZyme was detected only in a diluée stat§ of the
sample under investigation.

Since the gold compounds were shown to'difectly

inhibit protein kinase C . in gitu, it .follows that the

4

- B . A8
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. s .
interaction of either |AUR or GST with protein kinase C

should preclude>“phorbol ester or endogenous diacyl-
glycerol activation and translocation of the engyme. In
}Eact, TPA-mediated néutrophil responses were suppressed
in cellg which were either pretreated orf cé-stimulated
with + AUR or GST.  Both the TPA-mediated rate of
'ggneration and yield of supéroxide‘éhiqn waere suppressed
- ih t rtima- and :éose-depandent manner by AUR.
Redisfribution of neutrophil protein kinase C activity
‘affected by TPA was _significantly inhibited by
pretreating the cells with either AUR or GST (Figure
25). - Within minutes of its addition to cells, TPA
induced the phosphorylation of many. cellular proteins
through its  activation of protein kinase c. This
responsq\:was signigicantly reduced over time when cglls
were stimulated by TPA in the presence of AUR. Optimal
inhibition was .detegted between 10 and 20 min.‘ This
mode of . inhibition was not observed with GST, however,
both' gold compounds were able to displace the binding of
phorbol ester to its qeut%ophii cytosdlic recopto# and
to ﬁartially-phfifiad platelet protein kinase C. In
these experiments, ‘.:GST was more effective tha? AUR in
inhibiting’ the. binding of phorbol 12,13-dibutyrate to
protein‘ kihase c. This implies that GST -hould be a
competitive inhibitor of protcin kinase C with rnlpcct

to phoi'ol ‘ester or diacylglyccrol activation. Altera-

N



'
tions 1in binding by AUR may hot be a significant factor

in its inhibition of protein kinase C, and its mechanism

of 1inhibition may differ from that of GST. Further

190

studies may reveal the ~significance of these results. .

which include an analysis Af,enzyme kinetics.
In summary, AUR;inhibited all of the phorbol ester-

induced responses studied in the neutrophil, whereas,

GST produced variable results. In fact, GST diéplayed_

inhibitory .activity toward protein kinase C-mediated
responses only when this .drug was directly associated
with protein kinase C, that is, in neutrophil cytosolic
angd platelet protein kinaée C preparations. With intact
cells, inhibitory aé;ivity was not deteéted unless GST
was 8llowed to incubate with the cells for periods of
time in excess of 30 min at 37°C and at‘concentfations
greater than 0.5 mM. |

II PROP&EED STRUCTURAL REQUIREMENTS OF GOLD COMPOUNDS

" FOR OPTIMAL PROTEIN KINASE C INHIBITION

The following model has been developed to explain
‘the possible mechanism whereby the gold c?mpounds could
inhibit protein kiﬁasq . étep 1: cellular uptake of
the ' golad compound:by displacement of » sulfur-contain-
ing ligand attached to the gold n cleusi by cell

membrane-associated thiol groups. Step 2: Intraceil~

L)
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>

‘lular distribution of ‘the compound by cytosolically-
localized sulfhydryl groups which compet% for membrane-
bound gold at the fofmer sulfur-containing lﬁgatiQp
site. Protein kinase C becomes a candidaée for gold
complexation and subsequent inhibition at its cysteine-
rich region. That the sulfhydryl shuttle mechanism may
be utilized by gold compounds to enter cells and inhibi;
protein kinase C is evidenced by the ability of dithié;
threitol to reverse AUﬁ-induced inhibition &f the

" neutr respiratory burst. In addition, Snyder and
cowgfkers (1987) examined the uptake of radiolabelled
.gold compounds bf RAW 264.7 magrophages and demonstrated
that cellular vassociaiion of AUR and its chloro-
ahalogue, triethylphosphine gold chloride (TEPG), was
concentratiénh,r fime-,‘ and - temperature-dependent. The
cell associat:d gold from both drugs anroa;ed as a'
function of time for 10 min and Fhen~§1ateaudd betweenk
10 and 30° min. More -gold frop TEPG associated ﬁrth'

' “cells than from AUR, perhaps dﬁe to the greater leaving
fendency qf? the chloride from TEPG which may facilitate
interaction with thiols not seen with AUR, Cellular
uptake of both .gold ‘ compounds was inhibited _ by
pretreating cells with N-othylmileimid.,‘ap_irrcvorlibli

: suighyd:yl alkylating agent. Incubation of the gold
cqﬁpound; with glutatﬁione' also rgduco& cellular

association and uptake.  Thus, 4interactigns of these

3



compounds with the cell depend solely on the reacti%ity
of thé gold and its ligands andAthe availabiliﬁglof
cellular and hembrane sulfhydryl groups.

In order for a gold coordination complex to reach
protein kinase C and inhibit ité{ activity, a few
criteria _must be med#. The‘goid compound must contain an
active leaving group for gold complexation to oceur with
mémbrané-associated thiols. Of equal importance, the
ofher ligand(s) attached to the gold nucleuéléhould
permit entrance of the molecule into the lipid bilayer

of the plasma membrane. The triethylphosphine (PEt,)

192

molety of AUR ‘fulfils this criterion, whereas GST dces -

not possess such a ligand apd remains wéter'soluble

~

(Figure 35). This may explain the variable results

observed with GST. . For example, inhibition -of the

. neutrophil respiratory burst, degranulation,

TPA-mediated translocation of protein kinase C and

endogenous phosphorylation, required prolonged

“incubation’ of GST with the cells. In fact, on;y.sliéht

inhibition was - detected at the highest GST

concentrations. Alﬁhough GST may gain entrance into the

cell via the sulfhydryl shuttle mpchanism, entrance may

also occur 'via phagocytosis of GST polymers at the cell

sdrtaca, as this K compound is more apt to combine with
¢ *

other GST molecules through sulfhydryl bridging. This

‘would account for the prolo ged time necessary.‘tp

)



Figure 35:

Molecular structures of auranofin,
gold - sodium thiomalate and D-peni-
cillamine.. | Shown-also is a possible
polymeric structure. of gold sdd;um
thiOmaléte.“. o

~

R = in-coz-Na+

+
H-CO,-Na
Ac = COCH,4
I3 ‘ “
Ety = (CaHg)s

)

(Sadler, 1982)



Page 194 has been removed pecause of thes

inavailability of copyright pérmission. The
material included the molécular' struct®res of
auranofin, gold sodium thiomalabe,-D—penicillamine

and a- polymeric gold ‘compound taken from éadler,

f p.J. J. Rheumatol. (suppl. 8)9, 71, 1982.
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observe GST-induced alterations in neutropnil
responsiveness. _.When the membrane barrier "is removed,

AQQ?T and AUR’are'equipotent in inhibitingaprotein kinase
Cc and displacing phorbol ester binding.

. question which axises in adopting the sulfhydryl
shuttle mechanism to the action of gold compounds,'is
whether the gold atom is a necessary component of the
_molecule.A. All ‘oﬁ the commonly>used gold compounds in

';the treatment ’Ef. rheumatoid‘arthritis contain a sulfur/
- atom and lare able to .liberate sulfhydryl grdups‘and~
. partake ~in‘€thioleexphange reactions (Jellum and Skrede,
1976). Another widely used anti-atthritic agent is
D-penicillamine (Figure 35). i.Although this,com'pound~
,does\‘not contain a-gold atom in its molecular structure,
it does possess a sulfhydryl group and could, theretore,
possibly ehter cells and alter iftracellular proteins
via the eulfhydryl shuttle mechanism (Huck et al.,
l984) - Thus, D-penicillamine is a goo& control- for.
testing cwhether a thiol-containinqvcompound could alter
cellular functioning in the absence of a metal ion. 1In
_all stu&ies - where either AUR, CST,-or both, - were ehown:’
~ -to inhibit neutrophil responsiveness, Dvpenicillehinei
had no etfect.. Neutrophil: degrenulation,'superoxide;
anion generetion, calcium mobilization, protein kinade c‘*«
activation, endogenous protein pholphorylation, and
phorbol 12, 13-dibutyrate bindinq vere unaffedted by the‘
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LA , /

i : i/
s {/
fﬁ presence of D-penicillamine at .b?ngentrations ranging
3 P )
K from 0.1 - 100 uM. Gold, therefé?e, does appear to be
vital to the 1inhibitory activities of the gold salts.
Further evidence of this comes from the inability of the
ligands attached to both AUR and GST to alter any of the

neutrophil responses studied (results not shown).

III CONSEQUENCES OF PROTEIN KINASE C INHIBITION

-

A. EFFECTS ON NEUTROPHIL DEGRANULATZON
A possible involvement of _bfotein kinase C in the
degranulation of neutrophils has recently been reported
(Whit; et al.; 1984; O'Flyah‘erty- et al., 1984; Robinson
et al., 1984; Hoult and Nourshargh, 1985; Kanq et al.,
,.1985; Barrdowman et al., 1986). In these studies, TPA

]
and 1l-oleoyl-2-acetylglycerol were & to promote the

release of specific granular componeéﬁé. Oon the other
hand, 423187 (1 é;) induces the r2lease of B8<glucuroni-
dase, a constituent of azurophilic granules. Thus, the.
system involved in the release of specific granules does
not appear to require an incfease in intracellular
calcium levels, whereas the release of azurovhilic
granules ;e§uires - relatively higﬁzr .intracellulgr
calcium 1levels. 1In these granular-reléasing systems, it
'-{s pqstulated that substrate proteins with different

¥y ®

Jafrin;ties for protein kinase C are involved and ara

A
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phosphorylated to different extents. 1In the case of the

azurophilic granular system, ‘protein kinase C—induéed
phosphorylation of target proteing//is\gn/insufficient

v 4
signal ,and enzyme release is observed only in synergism

1
with the calcium signal. However, activation of protein
kinase C 1is sufficient to oCause release of specific
granular comppnents. Inhibition /of protein kinase C
would, therefore, alter cellular degranulation from both
systens. This 1is consistent with the finding that AUR
inhibited both }ysozyme and B-glucuronidase release from
fMet-Leu-Phe-stimulated | neutrophils. FMet-Leu-Phe

binding to the neutrophil surface induces the formation
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of inositol 1,4,5-trisphosphate and 1,2-diacylglycerol

with subsequent mobilization of intracellular calcium.

stores and activation of protein kinase C. In the
presence of AUR, degranulation is suppressed due to the

proposed inhibition of protein kinase C. It s

interesting to note that the release of graﬂﬁiar enzymes .

induced by A23187 was not inhibited by AUR or GST
¢Hafstrom et al., 1983a), presumably because in this
situation, degranulation |is indqced in the absence of

. protein kinase C activation.

B. THE INVOLVEMENT OF LIPOXYGENASE
Studies of Wey. and Baxter (1986), McColl and

coworkers 7(1986), and Liles and coworkers (1987), have

oy
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provided gvidence for the involvement of protein kinase
C in the regulation of the 5-lipoxygenase pathway. The
enzyme 5-lipoxygenase catalyzes the initial gtep in the
conversion of arachidonic acid to leukotnianeg, a class
of potent inflammatory mediators. These groups
established that low concentrations of A23187, in
combination with either TPA or l-oleoyl-2-acetylglycer-
ol, synergistically ‘stimulate the de novo production of .
leukotrienes and ‘their oxidation products. | Neither
agent alone was able to stimulafe leukotriene
production. Although the concentratioﬁ of‘ A23187
employed 1in these studies (0.1 -1 PM)Z did increase
intracellular calcium 1levels, it failed to induce the
formation of S5-lipoxygenase products in neutrophils.
Thus, a phorboi ester and calcium ionophore can act

»

synergisticaily to mimic the intracellular eveﬂzs
responsible for 5—lipoxygenasev ;ctivation induced by
physiological stimuli. These findings may prov?de an
explanation for the preferential AUR-induced inhibition
of leukotriene synthesis, compar§§ to prostaglandin
synthesis,. ln the fMet-Leu-Phe-stimulated neutrophil
(Figures 9-11). By inhibiting activation of protein‘
kinase C, AUR indirectly alters the activity of
5-1lipoxygenase while having no apparent effectv on-

cyclooxygenase activity.
v
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C. EFFECTS ON CALCIUM HOMEOS:I‘ASIS

The phospholipase C-mediated breakdown of membrane.

polyphosphoinositides generates a number of metaﬁolites,
many of which possess second messenger potential. Of
these products, inositol 1,4,5-trisphosphagg .and its
cyclic Aderivative, indsitol l,2-cyclic-4,5-tris-
phosphate, have been shown to mobjlize calcium in a
variety of cellular systéems (Berridge and Irvine,
1984). Recently, a soluble 40 kD phosphatase has been
isolated from human\ platelets (Connollylet'al., 1985;
Connolly \et .al., 1986a), possessing the ability ¢to
hydrolyze the 5—pﬁosphata from inositol 1,4,5-tris-
phosphate and inositol i l,2-cyclic-4,5-trisphosphate

forming inositol 1,4-bisphosphate and inositol

1,2-cyclic-4-bisphogphate, respectively. The newly
characterized phosphatase was named inositol
1,4,5-trisphosphate 5'-phosphomonoesterase. The

~inositol . bisphosphates were found to lack calcium
mobilizing abilities and were iﬁactiva in physiological
assays (Streb et al., 1983; Wilsoﬁ et al., 1985). It
was then proposed that the gt-phosphomonocsteradh could
function as a signal-terminating ste§ by inactivating

the second messenger roles of the inositol phosphates.
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When platelets are . stimulated by collagen or.

thrombin, -an increased incorporation &t 32?044 into

proteins of 40. kD and 20 kD is oblcrvdd (Lyons et al.,
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1975;‘ Halsam and Lynham, 1577). The 20 kD protein has
been identified as the. light éhain of platelet myosin
(Daniel et al., 1977), however, the identity of the 40
kD protein remainedq‘unknown for some time. Various
.groups have purified the 40 XD protein from platelets
(Lyons _anﬂ Aéierton,. 1979; Imaoka et al., 1983), and
others have demonstgated that it can be phosphorylated

in vitro in a caléium- and' phospholipid-dependent

manner, that 1is, by protein kinase C (Kawahar% et al.,

1980; Sano et al., 1983). Connolly and doworkers
(1986b)" were the first to proyide direct evidence that
protein kinase C phosphorylates the 40 kD protein
. concomitant with inositol l,4,5-trisphosphate
5'-phosphomonoesterase activation. This phenomenon has
recently been investigated in neutrophils (Della Bianca
et gl;, 1986). The results demonstrate that by priming
human neutrophils with non-stimulatory doses of TPA, the
increase iﬂ ingg;tol ;,4,5-trisphosphate formation~and
subsequent’ mobilization of ‘intracellular calcium stores
induced by fMet-Leu-Phe, are depressed. Presumably, the
5'-phosphomonoesterase is activated in ‘ TPA-primed
cells. - Interestingly, an enhanced péoduction of
superoxide anions is observed suggesling that/ the
stimulation of NADPH oxidase may be linked to protein

kinase C activation as opposed to increased levels of

calcium'in the cytoplasm’
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‘ Protein kinase C has al\so been implicated in another
mechanism functioning to maintain calcium homeostasis
When intracellular calcium levels are increased due to
@ellular activation, both active extrusion and
sequestration by calcium-pumping organelles corntribute
to <the recovery of\kbsting calcium levels. TPA has been
}reported; to 1inhibit the elevation,; of calciﬁm'in many
different cells including platelets and neutrophils
(hagaste et al., 1984; MacIntyre et al., i985; Drummornd,
1985): This is thought to occur via the protein kinase
Vc-induced activation. of a calcium-transport adenosine
triphosphatase in the plasma membrane promoting efflux

of calcium from inside the celi.

With a possible ' involvement of protein kinase C in
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%erminating intracellular calcium mobilization and’
->

promoting the efflux of calcium under stimulated cell

conditions, the effects of AUR on calcium mobilization

may be 'expldined. Inhibition of protein kinase C by .

this gold compound could interrupt activation of
inositol 1,4,5-trisphosphate 5'-phosphomonoeeterAee and
plasma membrane calcium-transport adenosine Atriohoe-
phatase in ’the stimulated celi: ieading to increased
“intracellular calcium 1levels. This is supported by'the
- results - of Figure 18 where the increase in intracdiluiar
| calcium induced by fMet-Leu-Phe and ) A ie enhanced in

the presence of AUR. It ie uncertain, however, what



role protein kinase C plays in the regulation of these

enzymes under resting cell conditions. If protein

kinase C actively maintains 1low intracellular calcium
levels in the absence of a\cellular stimulus, then its
inhibition would result in increased® intracellular

calcium levels. | This "would explain the slow rise in
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intracellular c;}cium mediated by the addition of AUR to

resting cells (ﬁigura 19). However, since a major
component of tﬂp AUR-induced rise in intracelfular
| [ ¢

calcium is: dependenﬁ on the presence of extracellulgr

\ .
calcium, ionophorarlike effects may also contribute to

this drug's actionl Further work is indeed necessary to

elucidate the m chanisq by yhich AUR iné}egses
intfacellular calcium concen%fations, especially in view
of &%e fact that this drug does not induce overt
responses in the neutrophil. |

A result of particular importance is the inability

of AUR to inhibit the fMet-Leu-Phe- or F -mediated

mobilization of calcium (Figure 18). Figure 36
demonstrates thatsthe increases in intracellular calcium
levels induced by 10 and 20 MM AUR were detected aftef
approximately 7 and 12 min, respectively, of céllqlar
exposure to the drug. -Hoyever, suppression of the
fMet-Leu-Phe-hédigted respiratory burst was evident
after a"l min exbosure to Aﬁa‘(lo and 20 pMy, and was
maximal at 15 wmin. = It appeérs that rises ih

»

A —
/
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Figure 36: The effects of auranofin on

neutrophil superoxide anion:

geneération = and mobilizatian of

intracellular calcium.

Neutrophils were preincubated in the

presence of AUR ( @ , 10 uM; o , 20 uM), for

the indicated time intervals. FMet-Leu-Phe (0.1

pM) was added and #he rate of superoxide anion
generation was calculated and dbmpared_to control
ratesi (0.1% ethanol). The results are the mean %
standard error of 5 determinations. 1Inset: Qﬁ;n
2 fldotescence measurements in AUR-treated cells

performed according to MATERIALS AND METHODS.
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intracellular caleium levels are not necessary for
inhibition of the respiratory burst by AUR, but may
either be a consequence of this responsé/ or an

independent event. These data are consistent with the
y o
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-postulate  that activation of protéih kinase C is

sufficient for the stimulation 56f NADPH oxidase, and the

role of calcium in this process remains questionable.

+ D INHIBITIbN OF PHOSPHOINOSITIDE HYDROLYSIS THROUGH
PHOSPHORYLATIQON OF THE GﬁKNINE NUCLEOTIDE-BINDING
REGULATORY PROTEIN
Guanfke nucleotide-binding regulatory protéins

(G-proteins) are a family of transducing units which

resid; Ain the plasma membrane of the celi.‘ They

function to transmit éighals, which arise from agonist
binding at the cell surface, to Key protéinc in the cell
involved in msignal amplification or transduction. Many
reporfs have implicated a G-protein in the coupling of
the fMet-Leu-Phe receptor to phosphélipase c ;ctivation

(Volpi et al., 1983; Yano et al., 1983; Dpdgherty et

al., 1984; Bradford aid Rubin, 1985). Recently, various

groups have ;rovided .ov{dence for ‘protein kinase .C-

. mediated G-protein phosphorylation ahd subsequent

| inhibitiqn of phosphoigositidc hydrolysis paniding a

negative feed;ack | loop in the lignal, transduction

cascade '(Labarca et :al.,“ 1984; Watanabe et al., 1985;

p



Katada et al., 1985; Orellana et al., 1985; Lynch et
al., 1985; Blackmore and Exton, 1986; Orellapa et al.,
1987; Yoshimasa et ’al., 1987). This mechanism appears
to only be présent dqring cellular activation and the
role of protein kinase C in the regulation of G-protein
‘activity in the resting cell remains to be elucidated.
Recently, Snfﬁer and coworkers (1987 a,b) have
demonstrated that AUR, and other gold cooréinatiop
complexes, stimulate the abtivity of phospholipase C.
Activation was defected in RAW 264.7 macrophages and in
&1&3 using purified bacterial phospholipase C. In
intact cells, AUR-induced ;ctivation of phospholipase C
could be explained S;‘an inhibition of protein kipase c,
that 1is, by suppressing G-protein phosphorxlgfi;n and,
therefore, removing inhibition of phospholipase c. fhis
mpdel assumes that basal progéin kinase C activity in
resting cells maintains a fraction of,#he G-proteins in
the phosphorylated state. - In other words, AUR may be
removing the protein kinase C-mediated inhibition of
phospholipase 'C subsequent to G-profein pho;phoryla-
tion. This mechanism may also provide an explanation
for the increases in intracellular calcium affected by
A since phospholipase C activity on .inositol
phospholipids ’resulth in inositol 1,4,5-trisphosphate

produéfion. However, this- mechanism does not account
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-for the activation of puri:;ed phospholipase C induced‘

°



by gold compounds. An interesting point to be made is

that, in intact cells, maximal stimulation was .attained

at 0.5 uM AUR, whereas, stimulation of the purified

enzyme by AUR was not detected at concentrations lower
than 20 puM. One would assume that lower concentrations
of the drug woulq be necessary for activation of the
purified bacterial enzyme if the drug was acting at this
site direéfly. However, ft;gppears that this is not the
case and what these authors may have observed was
non-specific acti&ation O:_, the enzyme at the
concentrations of AUR employed in their studies. Since
these authors chose to study a mammalian and\h bgcterial
form of phospholipase 'C, sucﬁ comparisons betwéﬁﬁ them

~

ma§ not be valid.

IV COMPARISON BETWEEN GOLD COMPOUyDS‘ AND  OTHER

INHIBITORS OF ?ROTEIN KINASE C
: . \
In many cell .types, the existence gof endogengus
inhibitors of the cyclic adenosine monophosphate-depen-

dent kinase and a °“variety of phosphatal 8 has ‘been

established (McPherson et al., 1979; Ingebritédn and -

Cohen, 1983) Protein kinase C, in both homogenized and
non-disrupted neutrophils, displays vory low activity in
vitro. Particulate and cytosolic fractiont proparod by

®"
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relatively high protein kinase C activity in comparison

(McPhail et,ali, 1984). AIntefestin&ly? recombination of

these fractions drastically reduces the enzymatic

activity. . Chromatdgraphic purification of neutrophil
homogenates increases protein kinase ¢ activity (Kraft
and Anderson, 1983; Sah?ouh et al., 1983). Schwantke
and Peuch (1984) reported the existequ of a protein
inbibitor of protein kinase C in the cytosolic fraction
of) raf brain homogenates whlﬁg may be related to the
heat-stable, 17 -kD calciqm-biq?ing protein shown to
inhibit® the partially purifiéd onine brain enzyme
-(McDorMald and Walsh 1985 a,b). 1In the last year, two
groups feported the existence of protein kinase C
inhibitory activity iﬁ the neéutrophil cytosol
(Balazovich et al., 1986; Huang and Oshana, 1986). ®his
inhibitory - activity was found to be absent in
homOgenﬁteé of cytpplasts and specific granule-deficlent

.néutrophils indicating that -inhibitory activity may

208

reside in the specific granules of normal neutrophils.

Although Amuchv ﬁore work s hecessary to characterize
this endogenous inhibitor(s),' its presence in the cell
may serve to-regqulate cellular activation by modulating

°

protein kinase C activity. \ o

Apart from the enﬁqgenégs' inhibitors of pgoteln

‘kinase C, many other compounds have been postulated to

possess antagonistic activities toward this enzyme. A

3 A
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variety of Aéenﬁﬁ have the potential to inhibit protein
kinase C. in situ, although many also alter calmodulin
activities (trifluoperazine, N-(G—amino-hexyl)-5-chlorof'n
l-napthalene sulfonamide (W-?)]. Meniion will be made
here of thosé éompounds which have been shown éo aiter
ngutrophil responsiveness and a comparison will be made

between - the .activities of these agents and gold

"y

hY

compounds. A o

" Hidaka ’ahd coworkers developed a selective inhibitor.
of protein kinase C, 1-(5-isoquinolinesulfonyl)-2-
ﬁéthylpiperazine, H-7 (Hidaka et al., 1984; Kawamoto and
Hidaka, 1984), whiph has been shown to alter numerous
.functions in the ;eutrophil, None of the studies toA
date, have deqonsﬁrated the ability 6: H-7 to inhibit
neﬁtrophi} degranulation regardleés of the stimulus
employed (Berkow et al., 1987). The respiratory burst
elicited by TPA was 4suppressed by H=-7, howbvaf, the -
fMét-Leu-Phe-induced fesponse ‘yas unaltéred (Gerard et |
al., 1986; Berkow et al., 19§7i.A, Interestingly,

R

inhibition was :>also ~noted "in the A23187-induced
respiritbry “burst (Fujita et al,,‘19§6; Berkow et al;,
1957),- a ' process wh;dh 18 thougﬁt to be independent of
.pr§ﬁgin- kinase C activatfon. - Rises in intracfl;ulﬁr;

- calcium levels induced ' by receptor-mediated . stimuli,
were attenuated by preincubatiog the. cells with TRA

" (Sha'afi et al., 1986; Tohmatsu et al., 1986). This was



completely reversed by the addition of H-7 to TPA-pre-
treated cells. Endogenous protein phosphorylation
medjated by TPA was also suppressed by H—f (Sha'afi et
al., 1986; Fujita et al., 1986). In all of these
studies, the H-7 conc?ntrations providing maximal
inhibitory activity,  were approximately 20 - 50 M. In
another study -conducted by Wright and Hoffman (1986),
H-7 was 1inactive as a protein kinase C inhibitor since
the neutrophil respiratory burst activated by serum
opsonized zymosan, A23187, TPA or fMet-Leu-Phe was
insensitive to the presence of H-7 in the reaction
mixture. Similsr results were obtained by this author
(unpublished re;ults). An interesting observation
regarding this discrepancy is that Wright and Hoffman,
.as well as t?is author, obtained H-7 from comﬂargﬁa}ly-
prepared sources. In those st&dies where H-7 Qas shown
to be an effective inhibitor of protein kinase C: H-7
was either obtained from Dr. Hidaka himself, or was
prepared according to his published methods. The
reported non-inhibitory effects of H-7 must, therefore,
béfiﬁterpreted with caution. .

N Another coﬁpound displaying anfagonistic properties
toward protein kinase C, is the antibiotic polymyxin B
(Wise‘ et al., 1982; Wrenn and Wooten, 1984; Nel et al.,
19%5). . In the neutrophil, polymyxin B was shown to be a

pQéent inhibitor of ‘degranulation. induced by TPA, but
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was unable to antagonize the secretory activity of
fMet-Leu-Phe. In addition, this compound prevented the
inhibition of fMet-Leu—Phefinduced neutrophil
degranulation by TPA (Naccache et al., 1985b), a result
which provides evidence for the involvemens of protein
kinase C in regulating G-protein activity.

T e,
Tamoxifen is an anticancer agent which has been

demonstraééd ﬁo inhibit protein kinase ¢ in vitro
(0O'Brien et al., 1985; Su et al., 1985). In the
heutrophil,\ tamoxifen knhibited the TPA- and l-oleoyl-2-
acetylglycerol-induced activation of the respiratory
burst ;;th an ICg, of approximately 6 uM.

The sphingoid 1long-chain vbases, sphinganine and
sphingosine, have recently been shown to inhibit protein
kinase Cc (Hannun et al., 1986). Incubation of
neutrophils with sphinganine or sphingosine ‘blocked
activation of the respiratory burst triggered by
fMet-Leu-Phe, arachidonate, 1l-oleoyl-2-acteylglycerol,
or TPA. Regardless of the cellular stimulus employed,
inhibition was evident at the same concentration of
lipid (50 pM) (Wilson et al., 1986). These lipids diq
not affect the activity of the membrane enzyme complex,
NADPH oxidase. The transient rise in intracellular
calcium levels elicited by fMet-Leu-Phe was also
unaltered. As well, inhibitory concentrations of

sphinganine did not significantly affect resting

’
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cytoplasmic calcium 1levels. Sphinéaxine did block the
TPA-stimulated incdrporation of 32po,  into
neutrophil proteirs in addition to ingibrting the
binding of. [3H]phorbol 12, fB-dibutyrate to its
cytosolic receptor. ! |
In *the majority of the ne?ﬁt?phil responses studied,
AUR displayed similar inhibié&p& characteristics as the
aforementioned antagonists of protein kinase C. For
example, 'all of the compounds, -including AUR, inhibited
the activity of protein kinase C jin situ as well as the
respiratory burst activated by TPA. Inhibiyicn of

protein kinase C-mediated endogenous protein phosphor-
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ylation was detected with AUR and some antagonists in-

!
addition to an alteration in phorbol ester binding to

the enzyme present ih‘:the cell cytosol. Unlike other

EN

protein Kinase C inhibitors, AUR increased intracellular

calcium levels in intact resting neutrophils, promoted

<

the phosphorylation of a 20-22 kD endogeﬁous prctein and

inhibited "cellular degranulation elicited by receptor-
mediated stimuli. In addition, A23lé7-induced cellular

responses were insensitive to AUR. Since the mechanism

whereby AUR induces an increase in intracelldlar calcium .

levels is unknown, it may be assumed that it is

independent of protein kinase ¢ inhibition due to the
fact that the other antagonists of protein kinase C did

not. possess this property. Therefore, althouéh AUR
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appearé to share many characteristics with other
antagonists of protein kina?e C, further studies are
necessary to demonstrate that protein kinase C
inhibition 1is the sole mechanism whereby AUR i§erts its

antiinflammatory effects en the neutrophil.

\Y% GENERAL CONCLUSIONS AND FUTURE RESEARCH f

V4
AUR HKas demonstratedYJI;;ikftory activity toward

neutrophil degranulation, de nove ‘ leukotriene
production, the respiratory bufs;, TPA-mediated protein
kinase C redistribhtion, and TPA-mediated endogenous
protein phosphorylation. That these AUR-mediated
effects are 1linked to inhibition of protein kinase C is

evidenced by alterations in "neutrophil cytosolic and

partially-purified plathet protein kinase C activities,

and phorbol ester binding, observed in the presence of
either AUR or GST.. Further evidence of this mode of
inhibition by the ‘gold 'compounds could be obtained by

examining the ability of AUR to reverse the TPA-mediated

inhibition ' of inositol 1,4,5-trisphosphate formation‘and

receptor-mediated increases in intracellular calcium
levels. GST would be a poor antagonist iq these studies
since it has difficulty passing through th.- plasma
~ membrane barfier.‘ However, ﬁoth gold compounds could be
employed in sfudyinqu;hoir molocul;r interaction with

>

. ' \ g
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p;rified protein kinase c.

Protein kinase C is a single polypeptide composed of
two main regions designated the regulatory and catalytic
domains. " Protamine sulfaté is a pretein kinase C
substrate which |is phoéphorylagéd by the enzyme in a
calcium- and phospholipid-independent manner (Takai et
al.,. 1979), unlike histone III-S employed as a substrate
in the current research. By implementiné this substrate
in a protein kinase C assay, and testing the ability of
the gold compounds  to alter its phosphoryla\tic*x,"
information may be obtained on the loéalization of drug
action at the moleculaz level. For exgmple, thg phos-
phorylation of protamine sulfate occurs solely via the
catalytic domain of protein kinase C. If t?e gold
compounds were able to inhibit this reaction, it could
' be assumed that inhibitory activity is directed at this
. site in the molecule. - However, since the regulatory
domain is physically attached to t catalytic domain in
these studies, the possibiiity :Zat the drugs bind tq
tbe regulatory domain and exert effects on the catalytiglf
domain allosterically, cannot be ignored. Trypsiniza-
tién ;of _protein kinase C could overcome thesé problems. .
Proteolysis of rat br;in protein kihase‘ C in vitro
yields two polypeptldes, a 50 kD prétein kinase activé
in the absencelo{ éaicium and phosphélipfﬁ, and a 32 kD

‘Protein containing binding sites for calcium, .phospho-

I
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lipid and diacylglycerol, but lacking in enzymatic

< A
activity (Inoue et al., 1977; Takal et al., 1977;
Kishimoto et al., 1983b; Tapley and Murray, 1985; Lee
and Bell, 1986). " By utilizing the methods of

trypsinization employed in these studies, a physicél

separation of the catalytic and regulatory‘doﬁains of
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protein kinase C could be accomplished} and. a direct

action of the gold compounds on either region oflthe
molec‘le could thgrefore be eglucidated. The results:of
the current research domonstraté the ability of the gold
cémpounds to alte; kinase activity in ‘addition to
phorbol ester binding. The observed ICg, Values for
AUR were 0.7 pM and 37 pM for its inhibition of protein
kihase c activity. and phorbol ester binding,
respectively. GST, on the other hand, inhibited~both of

“these activities go the same extent. In view of these

results, a. clarification of the direct site of
inhibition of the gold compounds is nucassary.

The differences between thﬁ‘activities of the other
inhibitors of -protein kinase C and AUR requires further
investigation.  The results indicate that AUR alters
cellular activities ‘secongary to protein kinase 'c
inhibition, with respect to time of onset and
concentration required, and that they may be linked to
gmcreascu intracellular calcium levels.

Human platelet myosin is similar to other nyouih

~

\
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moleculeé isolated from :non-muscle cells. It has a

molecular weight of 460,000 and is composed of two heavy
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chains (200,000) and two different light chains (20,000

and 15,000) (Adelstein et al., 1973). Phosphorylation
of the 20,000‘ molecular weight 1light_,chain h&g been
shown to be associated with platelet activation and
subsequent release of platelet granular contents (Lyons

et al., 1975; Haslam and Lynham, 1977; Lyons and

Atherton, 1979; Wallace and Bensusan, 1980). The

protein kinase catalyzing this phosphorylation has Seen
identified as the calcium- and calmodulin-dépendent
enzyme, myosin 1light chain kinase.(Adélstein and Conti,
1975; Nishikawa et al., 1980; Daniel et al., 1981). AUR
induced . a dose-dependent inérease in levels of
intracellular calcium, the;efore, the poésibility exists
that this “drug could activate myosin light chain kinase
since it has been shown to phosphorylate>a protein of
‘molecular weight between 20-22,000. Results listed in
Table IV, and illustrated in Figurds 7 and 8,

demonstrate the release of 1lysozyme 1in resting cells

induced by AUR (1-20 puM) and the enhanced release of

both lysozyme and B-glucuronidase by low ;oncentrations
of AUR in stimulated cells. Thus, an alternate site of
#ction of AUR may be the indirect activation of myosin
light Kchain‘)kiﬂase via increased intracellular calcium

concentrations. [AUR does not alter the aétivity of



pﬁrified platelet mydgin ~1light chain kinase (Dr. M.
- Walsh, personal communication), thereby ruling out a
direct action of AUR on the enzyme.] However, before
attributing this activity to AUR, man& questiéns'pust be
investigated: (a) Why does GST induce the
phosphorylation of the 20-22,000 molecular weight
protein and the release of lysozyme in resting cells,
 but cannot be demonstrated to alter intracellular
caléium 1levels? (b) The presence of TPA appears to
block the AUR-induced phosphorylation of the 20-22,000
molecular‘ weight protein, yet the literature is weighted
with evidence of TPA-induced phosphorylation of thé
20,000 molecular weight prbfein at an alternate site to
myosin 1light chain kinase (Endo et al., 1982; Naka et

al., 1983; Nishikawa et al., 1985; Umekawa et al., 1985;

Ikebe et al., 1985). What role does TPA play in‘

modulaﬁing AUR-induced phosphorylatdon‘pf tg}l protein?
and (c) Could the ‘increased levels of intracellular
calcium induced by AUR explain why‘ A23187-madiatgd
cellular responses are insensitive to the action of this
druggv " Both agen;s seem to affect the cell in a similar
manner with respect to calcium changés. Investigations
of this natufe may aid in the’undarsfandiﬁg of gold
drug-inducéd ~;ffects .observed in the neutrophil so that

further research ma ‘be conductéd on other c?ll types = '

involved in the inflamm3tory process.
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VI ;RELEVANCE ‘OF CURRENT RESEARCH TO RHEUMATOID

ARTHRITIS

T .
_ .

Effective treatment of rheumatoid arthritis is

secondary to an understanding of the sequences of

biochemical events which occur within the joints and

d
dxtra-articular tissues. The etiology of rheumatoid

arthritis 'is ﬁnknown and, although many interactive
mechanisms are proposgd in the disease process (Figure
57), there is no evidente pointiﬁg tq a salieﬁt one.
The pathways of Figure 37 do indicate that rheumatoid
arthritis may be characterized by extreme proliferation
and localiz;d inflammation,iinvolving a variety of cells
ranging from pefiphe;al blood platelets to synovial
cells of the joint cavity. ﬁo& it is that gold coordi-
natigp complexes are ., able to silence tﬂis plethora of
activity has been .a subject of concern for some time.

Apart from their actions on the neutrophil, gold

compounds have been shown to. afféct other cell types
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involved in inflammation. Inhibition of monocyte and'

°

macrophage effector functions (Persellin and Ziff, 1966;
\
Viken and Lamvik; 1976; Davis et al., 1979; 8cPeinberg

et al., 1982; Harth et al., 1983; Sung et al., 1984), in

addition to suppression of myelopoiesis (Hamflton'and.

Williams, '19853; wvere demonstratgd. Evidence supporting

an immgnosuppressive role for gold ‘drugs came from



. -
Figqure 37: The pathophysiology of rheumatoid

arthrtis.

IgG, M, A, E - immunoglobulins G, M,
~ A and E

ILl1 - interleukin 1

IL2 - interleukin 2 D

PMN - polymorphonuclear leukocyte

PDGF - platelet-derived growth factor

(Harris, 1985)



Page 220 has- been removed because of the
inavailability of ° copyright permission. The

material  jigcluded a comprehensive series ~of
IR T
R

- on

pathwé‘ "Fdescribing the pathophysiology of’
rheumatoia‘ arthritis taken from Harris, E.D.Jr. in
Kelly, W.N., Harris, E.D.Jr., Ruddy, S., Sledge,
C.B. (eds.): Textbook of Rheumatology, qﬁd'fa?'

W.B. Saunders and Co., Toronto, 1985, p. 89}.



studies which 1involved cellular- interactions of both
lymphocytes and monocytes and antibody-mediated immuné
feactions (Lipsky and Ziff, 1977; Harth et al,; 1977;
Salmeron and Lipéky, 1982; Petersen, 1984; Griswold et
al., | 1985). Platelet agtivit;és -have also been
compromised by gold compounds (Kean et al., 1984).. A
wide raﬁge of éffects of the gold "compounds, as
demonstrated by the number of cell types ahg»functions
affected, is suggestive of gold drug action at a common

\regulatory component in these cells. Protein kinase C

is a Jubiquitous enzyme invddved_'in the transuduction

221

pathway of cellular signals leading to various redponses‘

rangihq from enzyme secretion to cellular

-~

proliferation. Whether drug action is directed at this
vital enz&me in vivo, remains to be established.

M



-

\
)
¢
\\\
A\
N
N
BIBLIOGRAPHY s«
i
a

222



1223
~
Adelstein, R.S. Conti, M.A., Anderson, w.Jr.
Phosphorylation of human plate}et myosin. Proc. Natl.
Acad, Sci. USA 70, 3115, 1973.

Adelstein, R.S., Contii M.A. Phosphorylation of
platelet myosin increases actin-activated myosin ATPase
activity.. Nature (London) 256, 597, 1975.

Allen, R.A., Jesaitis, A.J., Sklar, L.A., Cochrane,
C.G., Painter, R.G. Physiochemical properties of the
N-formyl peptide receptor of human neutrophill. J..
Biol. Chem. 261, 1854, 1986. ‘
Balazovich, K.J.,' Smolen, J.E., Boxer, L.A. Endogenous
inhibitor of protein kinaseq C: Association with bhuman
peripheral blood neutrophils but not with specific
granule-deficient neutrophils or - cytoplasts. J.

ImmunoMp 137, 1665, 1986. .

Barréwman, M.M., . Cockcroft, S., Gomperts, . B.D. .
Potentiation and inhibition o6f .secretion from
neutrophils by phorbol ' ester. FEBS Lett. 201, 137,
1986. ‘ -

X - .
Becker, E L. The ‘' relationship of the . cncmotactic'
behaviour of the complement-derived factor Cla, C5a, and
C567 and a bacterial factor to their ability to activate
proesterase I of rabbit - polymorphonuclear leukocytes.

J. Exp. Med. 135, 376, 1972.

Becker, E. L. - A multifunctional reccptor on the
neutrophil ' for synthetic chemotactic oligopoptides. J.
Retic. Soc. 26, 701, 1979. ‘

g
‘Backer, E.L., Kemodo, J.C., Nacacchy P. H., Yassin, R.,
Marsh, M.L., Munoz, J.J., Shatafi, R.I. The inhibition
of neutropliil granule enzyme secretion and chemotaxis by -
- pertussis toxin. J. Cell Biol. 100, 1641, 1985.

o . i o :
" Bennet, J.P., Cockéroft, 8., Gonpcrts, B.D. Use of
cytochalasin B to distinguish between early and late
events in neutrophil activatiqn. Biochim. Biophy-. Acta

601, 584, 1980..

Bently, J.K., Reed, "P.W. \, Activation of superoxide

"production -and differential exocytosis in polymorpho-
. ‘nuclear leukocytes by cytochalasins A, B, C, D and E..
Effects of various ions. Biochin. Biophyl. Acta. 678,
238, 1981. - S . '

Berg, J.M. . -'Potential natal-bindinq:douains in nuclcic S
acid binding proteins. Scioncc 232, 485, 1986. . e

)




Berkow, ° R.L., Dodson, R.W., Kraft, A.S. The effect of a
protein kinase C inhibitor, H-7, on human neutrophil
oxidative burst and degranulation. J. Leukocyte Biol.
,\ 41, 441, 1987.

Berridge, M.J. The ' interaction of cyclic nucleotides

and calcium in the control of cellular activity. Adv.’

Cyclic Nucleotide Res. 6, 1, 1975.

Berridge, M.J. Rapid accumulation of 1inositol
trisphosphate reveals that agonists hydrolyze
polyphosphoinositides 1instead of phosphatidylinositol.
Biochem. J. 212, 849, 1983.

Berridge, M.J. Inositol trisphosphate and
diacylglycerql\ as second messengers. Biochem. J. 220,
345, 1984. \

Berridge, M.J., Buchan, P.B., Heslop, J.P. Relationship
of polyphosphoinositide metabolism to the hormonal
activation of the insect salivary gland by S-hydroxy-
tryptamine. Molec. Cell Endocr. 36, 37, 1984.

Befridge, M.J., Irvine, R.F. 1Inositol trisphosphate, a
novel second messenger in cellular signal transduction.
Nature (London) 312, 315, 1984.

Blackmore, P.F., Exton, J.H. Studies on the hepatic
calcium~-mobilizing activity of aluminum fluoride and
glucagon. Modulation by cAMP and phorbol myristate
acetate. J. Biol. Chem. 261, 11056, 1986.

“ Blaustein, M.P. The interrelationship between sodium
and calcium fluxes across cell membranes. Rev. Physjol.
Biochem. Pharmacol. 70, 33,.1974. ' \ .
Bofoch, ~ G.M.,  Gilman, ©  A.G. Inhibition ,- of
receptor-mediated release of arachidonic ac{d by

pertussis toxin. Cell 39, 301, 1984.

Boxer, L.A., Richardson, S.B., Baehner, R.L. Effects of
surface-active agénts on neutrophil receptors. 1Infect.
Immunol. 21, 28, 1978. )

Boyum, A. Isolation of mononuclear cells and
granulocytes from human blood. lecdnd. J. Clin. Lab.

Invest. (suppl. 97)21, 77, 1968.

Bradford, P.G., Rubin, R.P. Characterization of formyl-
methionyl-leucyl-phenylalanine stimulation of inositol
triphosphate accumulation in rabbit neutrophils. Mol.
Pharmacol. 26, 74, 1985.

224



Brandt, §S.J., Dougherty, R.W., Lapetina, E.G., Niedel,
J.E. Pertussis toxin 1inhibits chemotactic peptide-
stimulated generation of inositol phosphates and
lysosomal enzyme secretion in human leukemic (HL-60)
cells., Proc. Natl. Acad. Sci. USA 82, 3277, 1985.

Briggs, R.T., Drath, D.B., Karnovsky, M.L., Karnovsky,
M.J. Localization of NADH oxidase on the surface of
human polymorphonuclear leukocytes by a new cytochemical
method. J. Cell. Biol. 67, 566, 1975.

Bromberg, Y., Pick, E. Unsaturated fatty acids
stimulate NADPH-dependent superoxide production by cell-
free system derived from macrophages. Cell. Immunol.
88, 213, 1984.

Bromberg,. Y., Pick, E. Activation of NADPH~dependent
superoxide production in a cell-free system by sodium
dodecyl sulfate. J. Biol. Chem. 260, 13539, 1985.

Brown, D.H., Smith, W.E. The chemistry of the gold
drugs used in the treatment of rheumatoid arthritis
Chem. Soc. Rev. 9, 217, 1980.

" [ ]
Brown, D.H., Smith, W.E. The reactions of gold
compounds .= with ~7thiol-containing ligands jipn vitro and jin
vive, in Sutton, B.M., Franz,/R.G. (eds.): Proceedings
of a symposium, bioinorganic chemistry of gold
coordination compounds. Smith, Kline and French
Laboratories, Philadelphia, 1981.. p 143.

§5g J.P., Tamerius, J.P., Hellstrém, I. Indirect
I- labelled protein A assay for monoclonal
antibodies to cell sqfface antigens. J. Ifmmunol.

Methods 31, 201, 1979.

Burgess, G.M., Godfrey, P.P., McKinney, J.S., Berridge,

225

M.J., Irvine, R.F., Putney, J.W.Jr. The aecoBQ,

messenger linking receptor activation to internal Ca
release in liver. Nature (London) 309, 63, 1984.

Caékfﬂli{i E., Zurini, M. The Ca2+-pumping ATPase of
plasma membranes purification, reconstitution and
properties. Biochim. Biophys. Acta 683, 279, 1982.

Carevic, 0. 'Effects of D-penicillamine, dichlofenac
sodium and sodium thiomalate upon the selective release
of lysosomal enzymes from human polymorphonuclear

leukocytes to immune complexes. Agents Actions 16, 407,

1985.

Carter, S.B. Effects of cytochalasins on nannalian
cells. Nature (London) 213, 261, 1967.



226

Castagna, M., Takai, Y., Kaibuchi, K., Sano, K.,
Kikkawa, Y., Nishizuka, Y. Direct activation of
calcium-activated, phospholipid-dependent protein kinase

by tumor-promoting phorbol esters. J. Biol. Chem. 257, -
7847, 1982. )
Cervini, C. I sali d'oro nell'artrite rheumatoide:
Mezzo secolo d'impiego terapeutico. Clin. Ter. 8, 495,
1977.

Chaffman, M., Brogden, R.N, Heel, R.C. Auranofin: A

reliminary review of its pharmacological properties and
therapeutic use in rheumatoid arthritisse Drugs 27, 378,

1984.
Chenoweth, D.E., Hugli, T.E. Demonstration of specific
C5a receptor on intact human polymorphonuclear

leukocytes. Proc. Natl. Acady Sci. USA 75, 3943, 1978.

Clancy, R.M., Dahinden, C.A., Hugli, T.E. Arachidonate
metabolism by human polymorphonuclear leukocytes
stimulated by N-formyl-Met-Ley-Phe or complement
component C5a is independezt of phospholipase
activation. Proc. Natl. Acad. Sci. USA 80, 7200, 1983.

Cline, M.J., Lehrer, R.I. Phagocytosis by human
monocytes. ‘Blood 32, 423, 1968.

c% Coates, T.P., Wolach, B., Tzeng, D.Y., Higgins, C.,
Baehner, R.L., Boxer, L.A. The mechanism of action of
the antiinflammatory agents dexamethasone and auranofin
in human polymorphonuclear leukocytes. Blood 62, 1070,
1983.

~

Cockcroft, S., Gomperts, B.D. Raole of guanine
nucleotide binding protein in the activation of poly-
phosphoinositide phosphodiesterase. Nature (London)

314, 534, 1985.

Cohen, H.J., Chovaniec, M.E. Superoxide generation by
digitonin stimulated guinea pig granulocytes. J. Clin.
Invest. 61, 1081, 1978.

Cohen, H.J., Newberger, D.E., Chovaniec, M.E.

-~ NADPH-dependent superoxide production by phagocytic
vesicles from guinea pig and ‘human granulocytes. J.
‘Biol. Chem. 255, 6584, 1980.

//éonnolly, T.M., Bross, T.E., Majerus, P.W. Isolation of
a phosphomonoesterase from human platelets that
specifically hydrolyzes thg S-phosphate of inositol
1,4,5-triphosphate. J. Biol. Chem. 260, 7868, 1985.

2 e



227

Conni&lly, TﬁM., Milson, D.B., Bross, T.E., Majerus,
P.W. Isolation and characterization of the inositol
cycljc phosphate products of phosphoinositide cleavage
by phospholipase C. IT Metabolism in cell-free
extracts. J. Biol. Chem. 261, 122, 1986a. .
®

Connolly, T.M., Lawing, W.J.Jr., Majerus, P.W. Protein
kinase C phosphorylates human platelet inositol
trisphosphate 5'-phosphomonoesterasae, increasing the

phosphatase activity. Cell 46, 951, 1986b.

Cooke, E., Hallett, MN.B. The role of C-kinase in the

physiological activation of the neutrophil oxidasae.

Evidence from using pharmacological manipulation of C-

kinase activity in intact cells. Biochem. J. 232, 323,

1985. ' ‘

Coussens, L., Parker, P.J., Rhee, L., Yang-Feng, T.L.,

Chen, E., Waterfield, M.D., Francke, U., Ullrich, A.

Multiple, distinct forms of- bovine and human proteint
kinase (o suggest diversity in cellular signalling

pathways. Science 233, 859, 1986. ' :

Couturier, A., Bazgar, S., Castagna, M. Further

characterization of tumour-promotor-mediated activation
of protein kihase C. BiochenT Biophys. Res. Commun.

121, 448, 1984. '

Cox, J.A., Jeng, A.Y., Sharkey, N.A., Blumberg, P.M.,

Tauber, A.I. Activation of the human neutrophil

nicotinamide adenine dinucleotide phosphate (NADPH)-
oxidase by protein kinase C. J. Clin. Invest. 76, 1932,

1985,

Cronkite, E.P., Vincent, P. Granulocytopoiesis. Ser.
Haem. IX, 3, 1969.

Cufnette, J.T. Activation of human neutrophil
nicotinamide adenine dinucleotide phosphate, reduced
(triphosphopyridine nucleotide, reduced) oxidase by

_arachidonic acid in a cell-iree system. J. Clin.
Invest. 75, 1740, 1985. i
i

- Daniel, J.L., Holmsen, :H., Adelstein, R.S. Thrombin-
stimulated myosin phosphorylation in intact platelets
and its possible involvement in secretion. Thromb.

Hagmostasis 38, 984,  1977.
Daniel, J.L., Molish, I.R., Holmsen, . Myosin

phosphorylation in intact platelefJ. J. Biol. Chemn.
256, 7510, 1981. :



Davis, P., Miller, C.L., Johnston, C.A. Effect of gold
salts on adherent mononuclear cells in tissue culture.
J. Rheumatol. 6, 98, 197

Davis, P., Miller, C.L., Russell, A.S. Effects of gold
compounds on the function of phagocytic cells. I
Suppression of phagocytosis and the generation of
chemiluminescence by polymorphonuclear leukocytes. J.
Rheumatol. 9. 181, 1982.

e
Davis, P., Johnston, C., Miller, C.L., Wong, K. Effects
of gold compounds on the function of phagocytic cells.
I1 Inhibition of superoxide radical generation by
tripeptide-activated polymorphonuclear leukocytes.
Arthritis Rheum. 26, 82, 1983. :

Dawson, A.P., Irvine, R.F.  Inositol (1,4,5)tris-
phosphate promoted cast release * from microsomal
fractions of rat liver. Biochem. Biophys. Res. Commun.
120, 858, 1984.

deBustros, A., Baylin, S.B., Berger, C.L., Roos, B.A.,
Leong, S.S., Nelkin, B.D. Phorbol esters increase
calcitonin gene transcription and decrease c-myc mRNA
levels in cultured human medullary thyroid carcinoma.
J. Biol. Chem. 260, 98, 1985.

deChatelet, L.R., Shirley, P.S., Johnston, R.B.Jr.
Effect of phorbol myristate acetate on the oxidative
metabolism of,human polymorphonuclear leukocytes. Blood
47, 545, 1976. f:)

Decker, K. Eicosanoids, signal moleculés of 1liver
cells. Semin. Liver Dis. 5, 75, 1985,

Degen, J.L., Estensen, R.D., Nagamine, Y., Reich, E.
Induction 'and desensitization ), of plasminogen activator
gene expression by tumor promo rs. J. Biol. Chem. 260,
12426, 1985. '

Delcles, X.B., Nagle, D.S., Blumberg, P.M. Specific
binding of phorbol ester tumor promotors to mouse.skin.
Cell 19, 1025, 1980.

N—

Della Bianca, V., Grzeskowiak, M., Cassatella, M.A.,
Zeni, L., Rossi, F. Phorbol 12, myristate.l13, acetate
potentiates the respiratory Dburst whifbx’inhibits
phosphoinositide hydrolysis and calcium mobilization by
formyl-methionyl-leucyl-phenylalanine in - human
neutrophils. Biochem. Biophys. Res. Commun. 135, 556,
1986. ’

228



Dewald, B., Baggliolini, M., Curnette, J.T., Babior,
B.M. Subcellular localization of the suparoxide-forming
enzyme in human neutrophils. J. Clin. Invest. 63, 21,
1979. '

Dewald, B., Bretz, U., Baggliolini, M. Release of
gelatinase from a novel secretory compartment of human
s sheutrophils. J. Clin. Invest. 70, 518, 1982.

Dewald, B., Payne, T.G., Baggliolini, M. Activation of
NADPH okidase of h n neutrophils. Potentiation of
chemotactic peptide Yy a diacylglycerol. Biochem.
Biophys. Res. Commun. 125, 367, 1984. .
DiMartino, M.J., Wwalz, D.T. Inhibition of lysosomal
enzymne elease rom rat leukocytes by auranofin.
Inflammation 2, 131, 1977. ‘

Divirgilio, F., Lew, D.P., Pozzan, T. Protein kinase C
activation of physiological processes: 3n human
neutrophils at vanisking small cytosolic ca<t levels.
Nature (London) 310, 691, 1984.

Dougherty, R.W., Godfrey, P.P., Hoyle, P.C., Putney,
J.W.Jr., Freer, R.J. Secretagogue-induced phosphoinosi-
tide metabolism in human léucocytes. Biochem. J. 222,
307, 1984. : .

Downes, |C.P., Mussat, M.C., Michell, R.H. The inositol
trisphosphate phosphomonoesterase of the human
erythro¢yte membréne. Biochem. J. 203, 169, 1982.

Downes, C.P., Michell, R.H. in Cohen, P., Housley, M.D.

(eds.): Molecular mechanisms of transmembrane
signalling, Vol. 3. Elsevier, Amsterdam, 1985. v
Driedger, P.E., Blumberg, P.M. Specifié"binding of

phorbol ester tumor promotors. Proc. Natl. Acad. Sci.
USA 77, 567, 1980.

Drummond, A.H. Bidirectional control of cytosolic free
calcium by thyrotropin-releasing hormone in pituitary
cells. Nature (London) 315, 752, 1985.

. Drummond, A.H., Knox; . R.J., MacPhee, C.H. The role of
inositol gids in hormonal mobilization of cell-
associated Ca Biochem. Soc. Trans. 13, 58, 1985.

Ehlanbefger, A.G., Nussonzwcig; V. The role of membrane

229

receptors’ for C3b and €3d in phagocytosis. J. Exp. Med.

145’ 357' 1977. ) ) N K—'

{



Empire Rheumatism Council. Gold therapy in rheumatoid
arthritis: Final report of a multicentre controlled

" trial. Ann. Rheum. Dis. 20, 315, 1961.

Endo, T., Naka, M., Hidaka, H. Cazw-phospholipid
dependent phosphorylation of . smooth muscle myosin.
Biochem. Biophys. Res. Commun. 105, 942, 1982.

Eétensen, R.D., White, J.G., Holmes, B. Specific
degranulation of human polymorphonuclear 1leukocytes.
Nature (London) 248, 347, 1974.

Feinstein, M.B., sSha‘'afi, R.I. Role of calcium in
arachidonic acid metabolism and in the action of
arachidonic acid-derived 'metabolites, in Cheung, W.Y.
(ed.): Calcium and cell function Vol. IV. Academic

Press, New York, 1983. p 337.

Feinstein, M.B., Hdlenda, S.P., Zavoico, G.B. Calcium
and platelet function, in Marme, D. (ed.): Calcium and
cell physiology. Springer-Verlag, ‘Berlin, 1985. p 345.

Fernandez, H.N., Hensbn, P.M., oOtani, A., Hugli, T.E.
. Chemotactic responses to human C3a and C5a
anaphylatoxins. I Evaluation of C3a and C5a leukotaxin

vitro and under stimulated in vivo conditions. J.
Immunol. 120, 109, 1978.

Finkelstein, A.E., Roisman, F.R., Walz, D.T. Effect of
auranofin, a new antiarthrjtic agent, on immune complex-
induced release of lysosomal enzymes from human
leukocytes. Inflammation 2, 143, 1977.

Finkelstein, A.E., Roisman, F.R., Ladizeksy, M.G., Walz,
D.T. Auranofin and lysosomal enzymes. J. Rheumatol. 9,
46, 1982. ’ ‘ .

Fisher, S.K., VanRooijen, L.A., Agranoff, B.W. Renewed
interest in the polyphosphoinositides. Trends Biochem,
Ssci. 9, 53, 1984. )

Fishman, W.H., Springer, B., Brunetti, R. Application
of an improved glucuronidase assay method to the study
of human blood B8-glucuronidase. J. Biol. Chem. 173,
449, 1948. .

Fletcher, M.P., Gallin, J.I. Human neutrophils contain
an intracellular pool of putative receptors for the
chemoattractant N-formylmethionylleucylphenylalanine.
Blood 62, 792, 1983. - . .

Forestier, J. Rheumatoid arthritis and its treatment by
gold salts. Lancet II, 646, 1934. '

-

230

{



’j 23

Fujiki, H., Tanaka, Y., Miyake, R., Kikkawa, V.,
Nishizuka, Y., Sugimura, T. Activation of
calcium-activated, phospholipid-dependent protein kinase
(protein kinase C) by new classes of tumor promotors:
teleocidin and debromoaplysiatoxin. Biochem. Biophys.
Res. Commun. 120, 339, 1984.

Fujita, 1I., 1Irita, K., Takeshige, K., Minakami, S.
Diacylglycerol, l-oleoyl-2-acetyl-glycerol, stimulates
superoxide-generation from human neutrophils. Biochemn.
Biophys. Res. Commur. 120; 318. 1984. ’

Fujita, 1I., Takeshige, K., Minakami, S. 1Inhibition of
neutrophil superoxide formation by 1-(5-isoquinoline-
sulfonyl)~-2-methylpiperazine (H-7), an inhibitor of
protein kinase C. Biochem. Pharmacol. 35, 4555, 1986.

Fung, B.K.X., Hurley, J.B., Stryer, L. Flow of
information in the 1light-triggered cycljc nucleotide
cascade of vigign. Proc. Natl. Acad. Sci. USA 78, 152,
1981.

Gallin, J. Neutrophil specific granules: A fuse that
ignites the inflammatory response. . Clin. Res. 32, 320,
1984.

Ganong, B.R., Loomis, C.R., Hannun, Y.A., Bell, R.M.
Specificity and mechanism of protein kinase C activation
by sn-1,2-diacylglycerols. Proc. Natl. Acad, Sci. USA
83, 1184, 1986. -
Gennaro, R., Pozzan2 T., Romeo, D. Monitoring of
cytosolic free Ca*t in C5a-st$$ulated neutrophilgi
Loss of receptor-modulated Ca stores and Ca“’ .
uptake in granule-free cytoplasts. Proc. Natl. Acad.
Sci. USA 81, 1416, 1984.

Gennaro, R., LFIQrio, C., Romeo, D. Co-activation of
protein kinase ¥C and NADPH oxidase in the plasma
membrane of neutrophil cytoplasts. Biochem. Biophys.
Res. Commun. 134, 305, 1986. . "

Gerard, C., McPhail, L.C., Marfat, A., Stimler-Gerard,
N.P., Bass, D.A., McCall, C.E. Role of protein kinases
in stimulation of human pqQlymorphonuclear 1leukocyte
oxidative metabolism by various agonists. J. Clin.
Invest. 77, 61, 1986. _ : -
% R B

Gilman, A.G. ,,G proteins and dual control of adenylate
cyclase. Cell 36, 577, 1984. ¢ ‘

’



Girarqd, P.R., Mazzei, G.J., Wood, J.G.,_ Kuo, J.F.
Polyclonal antibodies to phospholipid/Ca2+—dependent
protein kinase and immunocytochemical 1localization of
the enzyme in rat brain. Proc. Natl. Acad. Scj. USA 82,
3030, 1984.

Girard, P.R., Mazzei, G.J., Kuo2 J.F. Immunological
quantitation of phospholipid/ca +—dependent protein
kinase and its fragments. J. Biol. Chem. 261, 370,
1986.

Girard, P.R., Stevens, V.L., Balckshear, P.J., Merrill,
A.H.Jr., Wood, J.G., Kuo, J.F. Immunocytochemical
evidence for phorbol ester-induced directional
translocations of protein kinase C in HL60, K562, CHO

and E7SKS ¢ cells: Possible role in differentiation.
Cancer Res. 47, 2892, 1987. .

Goetzyl, E.J., Austen, K.F. Stimulation of human
neutrophil leukocyte aerobic glucose metabolism by
purified chemotactic factors. J. Clin. Inzést. 53, 591,
1974. - ( :

Goetzyl, E.J. Leukocyte recognition and metabolism of
leukotrienes. Fed. Proc. 42, 3128, 1983.

Goldman, D.W., Goetzyl, E.J. Specific ‘binding of
leukotriene B, to receptors on human polymorphonuclear
leukocytes. J. Immunol. 129, 1600, 1982. :

Goldman, D.W., Chang, F.-H., Gifford, L.A., Goetzyl,
E.J., Bourne, H.R. Inhibition by pertussis toxin of

232

chemotactic factor-induced calcium mobilization and™-

function of human polymorphonuclear leukocytes. J. Exp.
Med. 162, 145, 1985. e

Goldstein, I.M., Horn, J.K., Kaplan, H.B., Weissmann,
G. Calcium-induced 1lysozyme secretion from human
polymorphonuclear leukocytes. Biochem, Biophys.' Res.
Commun. 60, 807, 1974.

Goldstein, I.M., Hoffstein, S.T., Weissmann, G.
Mechanisms of lysosomal enzyme release from human

polymorphonuclear leukocytes. Effects ¢@f phorbol.

myristate acetate. J. Cell. Biol. 66, 647, 1975a.

Goldstein, I.M., Hoffstein, S.T., ' Weissmann, G.
Influence of divalent ‘cations upon complement-mediated
enzyme release -from human polymorphonuclear leukocytes.
J. Immunol. 115, 665, 1975b.-



Goldstein, I.M., Roos, D., .Weissmann, G., Kaplan, H.
Complement and immunoglobulins stimulate superoxide
production by © human leukocytes independently of
phagocytosis. J. Clin. Invest. 56, 1155, 1975c.

Goldstein, I.M., Kaplan, H.B., Radin, A., Frosch, M.
Independent effects of 1IgG and complement upon human
polymorphonuclear leukocyte function. J. Immunol. 117,
1282, 1976.

GoldJiein, I.M., Cerquéira, M., Lind, S., Kaplan, H.B.
Evidence that the superoxide generating system of human
leukocytes is associated with the cell surface. J.
Clin. Invest. 59, 249, 1977.

Griswold, D.E., Lee, J.C., Poste, G., 'Hanna, N.
Modulation of macrophage-lymphocyte interactions by the
antiarthritic gold compound, auranafin. J. Rheumatol.
12, 490, 1985.

Grynkiewicz, G. + Poenie, M., Tsien, R.Y. A new
gkneration of Ca2 indicators with greatly improved
fluorescent properties. J. Biol. Chem. 260, 3440, 1985.

Grzeskowiak, M., Della Bianca, V., Cassatella, M.A.,
Rossi, F. Complete dissociation between the activation
of phosphoinositide turnover and of NADPH oxidase by
formyl-methionyl- leucyl-phenylalanigg in human
neutrophils depleted of and primed Dby
subthreshold doses of phorbol 12, myristate 13,
acetate. Biochem. Biophys. Res. Commun. 135, 785, 1986.

Hafstrém, I., Uden, A.M., Palmblad, J. Modulation of
neutrophil functions by auranofin. Scand. J. Rheumatol.
12, 97, 1983a.

Hafstrém, I., Seligmann, B., Friedman, M., Gallin, J.I.
Effects of auranofin on human neutrophil function.
Clin. Res.' 31, 449A,- 1983b._

Hafstrém, I., Seligmann,/ B.E., Friedman, M.M., Gallin,
J.I. Auranofin affects early events in human
polymorphonuclear neutrophil activation by receptor-
- mediated stimuli. J. Immunol. 132, 2007, 1984a.

Hafstrém, I., Ringertz, B., Palmblad, J., Malmsten, C.
Effects of auranofin on leukotriene production and
leukotriene stimulated neutrophil tunction. Agents
Actions 15, 551,01984b . '

Hamilton, J.A., Williams, N. In vitre inhibition of
, myelopoiesis by gold salts and D-pcnicillaninc. J.
Rheumatol. 12, 892, 1985.

233



Hannun, Y.A., Loomis, C.R., Bell, R.M. Activation of
protein kinase (o4 by triton X-100 mixed micelles
containing diacylglycerol and phosphatidylserine., J,
Biocl. Chem. 260, '1Q039, 1985. ;

Hannun, Y.A., Loomis, C.R., Merrill, A.H.Jr., Bell,
R.M. Sphingovsine inhibition of protein kinase C
activity and of phorbol dibutyrate binding jin vitro and
in human platelets. J. Biol. Chem. 261, 12604, 1986.

Harris. E.D.Jr. Pathogenesis of rheumatoid arthritis,
in Kelly, W.N., Harris, E.D.Jr., Ruddy, S., Sledge, C.B.
(eds.) Textbook of rheumatology, 2nd edition. W.B,
Saunders and co., Toronto, 1985. p 867.

Harth, M., Stiller, C.R., Sinclair, N.R., Evans, J.,

McGuirr, D., 2uberi, R. Effects of gold salts on
lymphocyte responses. Clin. Exp. Immunol. 27, 357,
1977. .

Harth, M., Keown, P.A., Orange, J.F. Monocyte dependent
excited oxygen radical generation - in rheumatoid
arthritis: Inhibition by gold sodium thiomalate. J.
Rheumatol. 10, 701, 1983.

Haslam, R.J., Lynhamn, J.A. Relationship between
phosphorylation™ of blood platelet proteins and secretion
of platelet granule constituents. Biochem. Biophys.
Res. Commun. 77, 714, 1977. '

Hayaka¥a, T., Suzuki, K., Suzuki, S,. Andrews, P.C.,
Babior, B.M. A possible role for protein phosphoryla-
tion in the activation of the respiratory burst in human

234

neutrophils. - Evidence from studies with cells from

patients with chronic granulomatous disease. J. Biol.
'Chem. 261, 9109, 1986.

Helfman, D.M., Appelbaum, E .D., Vogler, W.R., Kuo, J.F.
Phospholipid~sensitive -dependent protein kinase
and its substrates in human neutrophils. Biochemn.
Biophys. Res. Commun. 111, 847, 1983.

Hempel, J., Mikuriya, Y. Ligand exchange reaction of
'Ridaura?’, in Sutton, B.M., Franz, R.G. (eds.):
Proceedings of a symposium, biocinorganic chemistry of
gold coordination compounds. Smith, Kline and French
Laboratories, Philadelphia, 1981. p 37.

Henson, P.M. Pathologic mechanisms’ in neutrophil-
mediated injury. Am. J. Pathol. 68, 593, 1972.



. y»leukocytes.
'ﬁ“ :

Henson, P.M., Oades, Z2.G. - Stimulation of human
neutrophils by soluble and insoluble immunoglobulin
aggregates. Secretion of granule  constituents ~and
increased oxidation of glucose. J. Clin. Invest. 56,

1053, 197s5.

Heyneman, R.A., Vercauteren, R.E. Activation of a NADPH
oxidase from horse polymorphonuclear leukocytes in a
cell-free system. J. Leukocyte Biol. 36, 751, 1984.

Heyworth, P.G., Segal, A.W. Further evidence for the
involvement of a phosphoprotein in the respiratory burst
oxidase of human neutrophils. Biochem. J. 239, 723,
1986. »

Hidaka, H., Inagaki, M., Kawamoto, S., Sasaki, Y.
Isoquinolinesulfonamides, novel and potent inhibitors of
cyclic nucleotide-dependent protein kinase and protein
kinase C. Biochemistry 23, 5036, 1984.

Hildebrandt, J.D., Sekura, J.C.,  Codina, J., Iyengar,

" R., Manclark, C.R., Bfrnbaumer, L. Stimulation and

inhibition of adenylyl cyclases mediated by distinct
regulatory proteins. Nature (London) 302, 706, 1983.

Hirata, M., Suematsu, E.,_ Hashimoto, T., Hamachi, T.,
Koga, T. Release of cCa*t from a non-mitochondrial
store in peritoneal macrophages treated with saponin by

inositol 1,4 S-trisphosphate. Biochem. J. 223, 229,

1984.

Hirota, K., Hirota, T., Aguilera, G., Catt, K.J.
Hormone-induced redistribution. of calcium-activated
phospholipid-dependent protein kinase in pituitary
gonadotrophs. J. Biol. cpem.'zso, 3243, 1985.

Hoffstein, S Soberman, R., Goldstein, I., Weissmann,
G. Concan alin A induces microtubule asseéembly and
specific granule discharge in human polymorphonuclear
J. Cell Biol. 68, 781, 1976.

Héffstein, s.T. Ultrastruéturél 'demonltrationc ot

c logs from local regions of the plasma membrane
face~stimulated human granulocytas. "J. Immunol,

395,-1979.

Hohn, D.C., Lehrer, R.I. NADPH oxidase deficiency in
X-linked <chronic granulomatous disease.  J. Clin.
Invest.»55, 707, 1975. :

a

ﬁokin, L.E. ‘Receptors. and phosphoinositide-generated

second messengers. Ann. Rev. Biocho;. 54, 205,"}?85.

-

235



236

Hoult, J.R.S., Nourshargh, S. Phorbol myristate acetate
enhances human polymorphonuclear neutrophil rel@ase of
granular enzymes but inhibits chemokinesis. Br. J.
Pharmacol. 86, 533, 1985.

Huang, C.-K., Oshana, S.C. Partial characterization of
protein kinase C and inhibitor activity of protein
kInase C in rabbit peritoneal neutrophils. J. Leukocyte
Biol. 39, 671, 1986. )

Huang, K.-P., . Nakabayasgi, H., Huang, F.L. Isozymic
forms of rat brain Ca“"-activated and phospholipid-
dependent protein kinase. ' Proc. Natl. Acad. Sci. UsAa
83, 8535, 198s6.

" Huck, F., deMédicis, R., Lussier, A., Dupuis, G.,
Federlin, P. Reducing property of some slow acting
antirheumatic drugs. J. Rheumatol. 11, 605, 1984.

Hwang, S.-B., Lee, C.-S.C., Cheah, M.J., Shen, T.Y.
Specific receptors for 1l-oleoyl-alkyl=-2-O-acetyl-sn-
glycero-3-phosphocholiné\i(platelet activating factor) on
rabbit platelet and guinea pig smooth muscle membranes.
Biochemistry 22, 4756, 1983. ,

leyasu, H., Takai, Y., Kaibuchi, K., Sawamura, M.,
Nishizuka, Y. A role of calcium-activated,
phospholipid-dependent protein kinase in platelet
activating factor-induced serotonin release from rabg%t

701,

platelets. Biochem. Biophys. Res. Commun. 108, 1
1982.
Ikebe, M., Inagaki, M., Kanamaru, . K., Hidaka, H.

Phosphbrylation 05 ‘smooth muscle myosin 1light chain
kinase by ca‘t-activated, phospholipid-dependent
protein kinase. J. Biol. Chem. 260, 4547, 1985.

Imaocka, T., Lynham, J.A., Haslam, R.J. Purification and
characterization of the 47,000-dalton @ protein
phosphorylated during degranulation.of human platelets.
J. Biol. Chem. 258, 11404, 1983.

Ingebritsen, T.S., COheﬂ, P. ' Protein phosphatases.

Propertiés and role in cellular requlation: Science
221, 331, 1983. : .

Inoue, M., Kishimoto, A., Takai, Y., Nishizftka, VY.
- Stydies on. a cyclic nucleotide-independent protein
-kinase and* its proenzyme in mammalian tissues. Iz
Proenzyme and its activation by calcium-dependent
protease from rat brain. J. Biol. Chem. 252, 7610,
1977. , ' ¢



237

«r

Irvine, R.F. Brown, K.D., Berridge, M.J. Specificity
of 1inositol triphosphate-induced calcium release from
permeabilized Swiss-mouse 3T3 .cells. Biochem. J. 221,
269, 1984. o :

- -
Jellum, E., Skrede, S. ‘Biological aspects of thiol-
disulphide = reactions during treatment with
penicillamine, in Munthe, E. (ed.):. Penicillamine
research in rheumatoid arthritis. Symposium Spatind,
Fabritius and Sonner, 1976. p 68. R

Jeng, A.Y., -Sharkey, N.A., Blumberg, P.M. Purification
of stable protein kinase C from mouse brain cytosol by
specific ligand elution fast protein liquid
chromatography. Cancer Res. 46, 1966, 1986. -

Jesaitis, A.J., Naemura, J.R., Sklar, L.A., Cochrane,
C.G., Painter, R.G. Rapid 'modulation of N-formyl
chemotactic ‘peptide receptors on the surface of human
granulocytes: Formation of high affinity 1ligand-
receptor <complexes in transient association ,with
cytoskeleton. J. Cell. Biol. 98, 1378, 1984. '

Jesaitis, A.J., Tolley,., J.0., Painter, R.G., Sklar,
L.A.,. Cochrane, C.G. Membrane-cytoskeleton interactions
and the regulation ‘'of chemotactic peptide-induced
activation' of human granulocytes: The effects of
dihydrgcytochalasin B. J. Cell. Biochem. 27, 241, 198S5.

Jetten, A.M., Ganong, B.R., Vandenbark, G.R., Shirley,

J.E., * Bell, R.M. Role of protein kinase C in

,diacylglycerol-mediated induction " of ornithine

decarboxylase and reduction of epidermal growth factor:
binding. Proc. Natl. Acad. SCi. USA 82, 1941, 1985.

Johnson, H.M., Vassallo, T., Torres, B.A. Intorlcukin
‘Z-mediated 'events in gamma-interferon production are
calcium dependent at more than one site. J. Immunol.
134;;967, 1985. B ) ,

Johnston, R.B., Keele, B.B., Misra, H.D., Lehmeyer,

J.E., Webb, L.S., Baehner, R.L., Rajagopalan, K.U. The
role of superoxide anion generation in phagocytic

bacteriocidal activity: Studies with normal‘and chronic -
granulomatous disease leukocytes. J. Clin. Invest. 55,

1357, 1975. __ - A

Kaibuchi, K., Takai, Y., Nishizuka, VY. 0o9po:ativo
‘rates of various membrane phospholipids in the
activation of calcium-activated, pholpholipid-dopondlnt'
protein kinase. J. Biol. Chem. 256, 7146, 1981. 4

. ‘ ’?A



- 238

o
Kaibuchi, K., Sano, K&, Hoshijima, M., Takai, Y.,
Nishizuka, Y. Phosphatidylinositol turnover in platelet
activation; calcium mobilization and protein

phosphorylation. Cell Calciun 3, 323, 1982.

Kaibuchi, K., Takai, Y., Sawamura, M., Hoshijima, M.,
Fujikura, T., Nishizuka, Y. Synergistic functions of
protein phosphorylation and calcium mobilization in
platelet activation. J. Biol. Chem. 258, 6701, 1983.

*

Kajikawa, N., Kaibuchi, K., Matsubara, T., Kikkawa, (.,
Takai, ¥., Nishizuka, VY. A possible role of protein
kinase C in signal-induced 1lysosomal enzyme release.
Biochem. Biophys. Res. Commun. 116, 743, 1983.

Kakiuchi, s., Yamaza! R. cCalcium-dependent phospho-
diesterase activity an ts activating factor (PAF) from

brain. Studies on cyclic 3'5'-nucleotide
phosphodiesterase (III). Biochem. Biophys. Res. Commun.
41, 1104, 1970. .

Kang, D., ‘Tsuda, H., Takeshigg,‘ K., Sgibata, Y.,
Minakami, S. ° The rocle of Ca and Ca“"-activated

phospholipid-dependent protein kinase in degranulation
of human neutrophils. J. Biochem, 98, 1699, 1985. s

Kaplan, A.D., Kay, A.B., Austen, K.F. A prealbumin
activator of prekallikrein III. Appearance of
chemotactic activity for human neutrophils by the
conversion of human prekallikrein to kallikrein. J.
Exp. Med. 135, 81, 1972.

Karnovsky, M.L., Wallach, D.F.H. The metabolic basis of
phagocytosis. III Incorporation of inorganic phosphate
into various €élasses of phosphatides during
phagocytosis. J. Biol. Chem. 235, 1895, 1961. -

Katada, T., Gilman, A.G., Watanabe, Y., Bauer; S.,/////—

Jakobs, K.H. Protein kinase C phosphorylates the
inhibitory guanine-nucleotide-binding regulatory
component and apparently suppresses its in *
hormonal "inhibition of adénylate cyclase. Eur. J.

Biochem. 151, 431, 1985.

Kawahara, Y., Takai, Y., Minakuchi, R., Sano, K.,

Nishizuka, Y. Phospholipid turnover as a possible
transmembrane signal for protein phosphorylatioéon during
human platelet activation of thrombin. Biochem.

Piophys. Res. Caommun. 97, 309, 1980.



»

Kawamoto, S., Hidaka, H. 1-(5-isoquinolinesulfonyl)-2-
methylpiperazine (H-7) 1is a selective inhibitor of
protein kinase C in rabbjit platelets. Biochem. Biophys.
Res. Commun. 125, 258, 1984.

Kean, W.F., Kassam, Y.B., Lock, C.J.L., Buchinan, W.W.,

Rischke, J., Nablo, L. Antithrombin activity of gold
sodium thiomalate. Clin. Pharmacol. Ther. 35, 627,
1984.

Kikkawa, u., Takai, Y., Tanaka, Y., Miyake, R.,
Nishizuka, Y. Protein kinase C as a possible receptor

of tumor-promoting phorbol esters. J. Biol. Chem. 258,
11442, 1983.

Kishimoto, A., Takai, Y., M&ri, T., Kikkawa, U.,
Nishizuka, Y. Activation of calcium and phospholipid-
dependent protein kinase by diacylglycerol in possible
relation to phosphatidylinositol turnover. J. Biol.

Chem. 255, 2273, 1980.

Kishimoto, A., Kajikawa, N., Shiota, M., Nishizuka, Y.
Proteolytic activation of a calcium-activated, phospho-
lipid-dependent protein kinase by calcium~dependent
neutral protease. J. Biol. Chem. 258, 1156, 1983a.

Kishimoto, A., Kajikawa, M., Shiota, M., Nishizuka, Y.
Calcium-activated, 'phospholipid-dependent protein kinase
from rat brain. J. Biol. Chem. 257, 13341, 1983b.

Kishimoto, A., Nishiyama, K., Nakanishi, H. S8Studies on
the phosphorylation of myelin basic protein by protein
kinase Cc and adenosine-3',5'-monophosphate-dependent
protein kinase. J. Biol. Chem. 260, 12492, 1985.

Klempner, M.S., Gallin, J.I. Separation and functional
characterization of human neutrophil subpopulations.
Blood 51, 659, 1978.

Kénig, §., DiNitto, P.A., Blumberg, P.M. Phospholipid
and ca? dependency of phorbol ester receptors. J.
Cell. Biochem. 27, 255, 198S5.

-

Koo, * C., Lefkowitz, R.J., Snyderman, R. The
oligopeptide chemotactic receptor on human polymorpho-
nuclear leukocyte menmbranes exists in two affinity
states. Biochem. Biophys. Res. Commun. 106, 442, 1982, '

Koo, C., Lefkowitz, R.J., Snyderman, R. Guanine
nucleotides modulate the binding affinity of the
oligopeptide chemocattractant receptor on human
polymorphonuclear leukocytes. J. Clin. Invest. 72, 748,
1983.

239



240

\
Korchak, H.M., Hoffstein, §S.T., Weissmann, G. The
neutrophil granules, in Poisner, A.M., Trifaro, J.M.
(eds.): -The secretory process, Vol 1. Elsevier

4iomedical, New York, .1982. p 317.

Korchak, H.M., Vienne, K., Rutherford, L.E., WilkenfelQq,
C., Finkelstein, M.C., Weissmann, G. Stimulus response
coupling in the human neutrophil. II Temporal analysis
of changes 1in cytosolic calcium and calcium efflux. J.
Biol. Chem. 259, 4076, 1984.

Kraft, A.S., égderson, W.B. Phorbol esters increase the
amount of Ca“’, phospholipid-dependent protein kinase
associated with plasma membrane. Nature (London) 301,
621, 1983. ‘

Krebs, E.q}, Beavo, J.A. Phosphorylation-depos-
phorylation of enzymes. Ann. Rev. Biochem. 48, 923,
1979. .
Kretsinger, R.H. Structure and evolution of calcium-
modulated proteins. CRC Crit. Rev. Biochem. 8, 119,
1980.

Kihn, S.H., Gemperli, B., DeBeer, F.C. Effect of two
gold compounds on human polymorphonuclear leukocyte
lysosomal function and phagocytosis. Inflammation 9,
39, 1985.

Kuo, J.F., Anderson, R.G.G., Wise, B.C., Mackerlova, L.,
Salomonsson, I., Bracket, N.L., Katoh, N., Shoji, M.,
Wrenn, R.W. Calcium-dependent protein kinase :
Widespread occurrence in various tissues and phyla of
the animal kingdom and comparison of effects of phospho-
lipid, calmodulin and trifluoperazine. Proc. Natl.
Acad. Sci. USA 77, 7039, 1980.

Labarca, R., Janowsky, A., Patel, J., _Paul, S.M.
Phorbol esters inhibit agonist-induced [3H]inositol-
l-phosphate accumulation in rat hippocampal slices.
Biochem. Biophys. Res. Commun. 123, 703, 1984.

Lachmann, P.J., Kay, .B., Thompson, R.A. The
chemotactic activity for] neutrophils and eosinaphil
leukocytes of the trimollecular complex of the fifth,
sixth, and seventh compongnts of human complement (C567)
prepared in free solution by the *"reactive 1lysis"
procedure. Immunology 19, 985, 1970. B
Lad, P.M., Olson, C.V.,{ Smiley, P.A. Association of
N-formyl-Met-Leu-Phe receptor in human neutrophils with
a GTP-binding protein sepsitive to pertussis toxin.
Proc. Natl. Acad. Sci. USA B2, 869, 1985a.

-



Lad, P.M., - Olson, c.v., Grewal, 1I.S. Platelet
activating factor mediated effects on human neutrophil
function are inhibited 'by pertussis toxin. Biochen.
Biophys. Res. Commun. 129, 632, 1985b. :

Lad, P.M., Olson, C.V., Grewal, I.S., Scott, S.J. A
pertussis toxin-sensitive GTP-binding protein in the
human neutrophil requlates multiple receptors, calcium
mobilization, and lectin-induced capping. Proc. Natl.
Acad. Sci. USA 82, 8643, 1985c.

Laemmli, U.K. CleaQage of structural proteins during
the assembly of the head of bacteriophage T4. Nature
(London) 227, 680, 1970.

Lagaste, H., Pozzan, T., Waldvogel, F.A., Lew, D.P.
Phorbol myristate- acetate stimulates ATP-dependent
calcium transport by the plasma membrane of
neutrophils. J. Clin. Invest. 73, 878, 1984.

241

Lapetina, E.G., Reep,. B., Ganong, B.R. Exogenous 4

sn-1,2-diacylglycerols containing saturated fatty acids
function as bioregulators of protein kinase C in human
platelets. J. Biol. Chem. 260, 1358, 1985. :

Lee, M.-H., Bell, R.M. The 1ipid binding regulatory
domain of protein kinase C. J. Biol. Chem. 261, 14867,
1986.

Lew, D.P., Dayer, J.M., Wollheim, C.B., Pozzan, T.
Effect of leukotriene B,, prostaglandin E, and
arachidonic acid on cytosoiic-tree calcium in " human
neutrophils. FEBS Lett. 166, 44, 1984a.

Lew, D.P., Wollheim, C.B., Waldvogel, F.A., Pozzan, T.
Modulation of cytosolic-free calcium transients by
changes in intracellular calcium-buffering capacity:
Correlation with exocytosis and 0, production in
human neutrophils. J. Cell Biol. 99, 1312, 1984b.

Lew, D.P., Andersson, T., Hod2 J., Divirgilio, 54,
Pozzan, 'T., Stendhal, O. Ca +-dopcndont and Ca“" -
independent phagocytosis in human neutrophils. Natyre,
(London) 315, 509, 198S.

Light, D.R., Walsh, C., O0'Callighan, A.M., Gostzyl,

E.J., Tauber, A.I. Characteristics of. the cofactor

requirements of the superoxide gcnoratin? NADPH-oxidase

of human polymorphonuclear leukocytes. Biochemistry 20,

1468, 1981. i
] : L

»
14



4_" ’
Liles, W.C., Meier, K.E., 'Henderson, W.R. Phorbol

myristate acetate and the calcium ionophcre A23187
synergistically induce release of LTB by human
neutrophils: Involvement of protein kinase é activation
in regulation of the 5-lipoxygenase pathway. J.
Immunol. 138, 3396, 1987. :

Lin, Y.M.; Liu, Y.P., Cheung2 W.Y. Cyclic 3',5'-nucleo-
tide phosphodiesterase Ca +-dependent formation of
bovine brain enzyme-activator complex. FEBS Lett. 49,

356, 1975.

Lipsky, P.E., 2iff, M. Inhibition "of antigen and
" mitogen induced human 1lymphocyte proliferation by gold
compounds. J. Clin. Invest. 59, 455, 1977.

Lowry, ©O.H., Rosebrough, 'N.J., Farm, A.L., Randall,
R.J. Protein measurement with:jthe Folin phenol
reagent. J. Biol. Chem. 193, 265, 1951.

Lynch, <¢.J., Charest, R., Bocckino, S.B., Exton, J.H.,
Blackmore, P.F. Inhibition of hepatic alpha -adrenergic
effects and binding by phorbol myristate acetate. J.
Biol. Chem. 260, 2844, 1985.

Lydns, R.M., Stanford, N., Majerus, P.W. Thrombin-
induced protein phosphorylation in human platelets. J.
Clin. Invest. 56, 924, 1975.

Lyons, R.M., Atherton, R.M. Characterization of a
platelet protein phosphorylated during the thrombin-
induced release reaction. Biochemistry 18, 544, 1979.

MacIntyre, D.E., McNicol, A., Drummond, A:H. Tumdur-
promoting phorbol esters inhigit agonist-induced
phosphatidate formation and Ca flux in human
platelets. FEBS Lett. 180, 160, 1985.

Mackin, W.M., Becker. E.L. The formyl-peptide receptor
on rabbit peritoneal neutrophils. J. Immunol. 129,
1608, 1982.

Majerus, P.A., Wilson, D.B., Connolly,) T.E., Bross,
T.E., Neufeld, E.J. Phosphoinositide tgénover provides
a link in stimulus-response coupling. Trends Biochem.
Sci. 10, 168, 1985. -

242



¢

Malik, N.A., oOtiko, G., Razi, M.T., Sadler, P.J. NMR
studies on 1ligand exchange and redox reactions of
auranofin jin vitro and in red cells, in Sutton, B.M.,
Franz, R.G. (eds.): Proceedings of a symposium,
bioinorganic chemistry of gold coordination compounds.
Smith, Kline and French Laboratories, Philadelphia,
1981. p 82.

Marshall, C.M. Gold therapy in rheumatoid arthritis: a
review of 10 years' treatment. Med. J. Aust. 2, 239,
1965. )

Mastro, A.M., Mueller, G.C. Synergistic action " of
phorbol esters in mitogen-activated bovine lymphocytes.
Exp. Cell Res. 88, 40, 1974. , .

McColl, S.R., Hurst, N.P., Cleland, aL.G. Modulation by
phorbol myristate acetate of arachidonic acid release
and leukotriene synthesis by human polyporphonuclear
leukocytes stimulated with A23187. Biochem. Biophys.
Res. Commun. 141, 399, 1986.

McDonald, J.R., Walsh, M.P. Inhibition of the ca?*-
and phospgglipid-dependent protein kinase by a novel Mr
17,000 Ca

-binding protein. Biochem. Biophys. Res.
Commun. 129, 603, 1985a.

McDonald, J.R., Walsh, M.P. Ca2+-binding proteins
from bovine brain including a potent inhibitor of
protein kinase C. Biochem. J. 232, 559, 1985b.

McpPhail, L.C., Clayton, C.C., Snyderman, R. A potential
second messenger_role for unsaturated fatty acids:
Activation of Ca2+-dependent protein Xkinase. Science
224, 622, 1984.

McpPhail, L.C., Shirley, P.S., Clayton, C.C., Snyderman,
R. Activation of the respiratory burst enzyme from
human neutrophils in a cell-freé system. Evidence for a
soluble cofactor. J. Clin. Invest. 75, 1735, 1985.

McPherson, J.M., Whitehouse, S., Walsh, D.A.
Possibility of shape conformers of the protein inhibitor
of the cAMP-dependent protein kinase. Biochemistry 18,
4835, 1979. R °

Melloni, E., Pontremoli, S., Michetti, M., Sacco, 0.,
Sparatore,” B., Salamino, F., Horecker, B.L. Binding of
protein_ kinase C to neutrophil membranes in Ehd presence
of . ca?t and its activation by a ca? requiring
proteinase. Proc. Natl. Acad. Sci. USA 82, 64335, 198S5.

243

(2



244

Melloni, E., Pontremoli, S., Michetti, M., Sacco, 0.,

Sparatore, B., Horecker, B.L. The involvement of!
calpain in the activation of protein kinase ¢ in

neutrophils stimulated by phorbol myristic acid. J.

Biol. Chem. 261, 4101, 1986. T

Messner, R.P., Jelinek, J. Receptors for human gamma-

globulin n human neutrophilk. J. Clin. Invest. 49,
2165, 1970. g

Michell, R.H. Inositol phospholipids and cell surface
receptor function. Biochim. Biophys. Acta 415, 81,
1975.

Michell, B., Inositol phosph;;;}: Profusion and

confusion. Nature (London) 319, 176,71986.

Miyake, R., Tanaka, Y., Tsuda, T., Kaibuchi, K.,
Kikkawa, U., Nishizuka, Y. Activation of protein kinase
C by non-phorbol tumor promotor, mezerein. Biochem.
Biophys. Res. Commun. 121, 649, 1984.

Méllgaard. Chemotherapy of tuberculosis. Kjobenhaven,
1924.

Moore, P.L., Bank, H.L., Brissie, N.T., Spicer, S.S.
Phagocytosis of bacteria by polymorphonuclear
leukocytes. A freeze-fracture, scanning electron
microscope, and thin-section investigation of membrane
structure. J. Cell Biol. 76, 158, 1978. '

Mori, T., Takai, Y., Minakuchi, R., Yu, B., Nishizuka,
Y. Inhibitory activity of chlopromazine, dibucaine, and
other phospholipid-interacting drugs on calcium-
activated, phospholipid-dependent protein kinase. J.
Biol. Chem. 255, 8378, 1980.

Mori, T., Takai, Y., Yu, B., Takahashi, J., Nishizuka,
Y., Fujikura, T. Specificity of the fatty acyl moieties
of diacylglycerol for the activation of calcium-
activated, phospholipid-dependent protein kinase. J.
Biochem. 91, 427, 1982. P
Mottola, C., Romeo, D. Calcium movement and membrane
potentialvachanges in the early phase of neutrophil
activation by phorbol myristate acetate: A study with
ion-selective electrodes. J. Cell Biol. 93, 129, 1982.

Munson,, P.J., dbard, D. LIGAND: A versatile
computerized oach for characterization of ligand--
binding systews. Anal. Biochem. 107, 220, 1980. ‘



Murdoch, G.H., Waterman, M., Evans, R.M., Rosenfeld,
M.G. ‘ Molecular mechanisms of phorbol ester,
thyrotrépin-releasing hormone, and a growth factor

stimulation of prolactin gene transcription. J. Biol.
Chem. 260, 11852, 1985.

Myers, M.A., McPhail, L.C., Snyderman, R.
Redistribution of protein kinase ¢ activity in human
monocytes: Correlation with activation of the

respiratory burst. J. Immunol. 135, 3411, 1985,

Naccache, P.H., Showell, H.J., Becker, E.L., Sha'afi,

R.I. Changes in ionic movements across rabbit
polymorphonuclear leukocyte membranes during lysosomal
enzyme release. Possible ionic basis for lysosomal

enzyme release. J. Cell Biol. 75, 635, 1977.

Naccache, P.H., Volpi, M., Showell, H.J., Becker, E.L.,
Sha'afi, R.I. Chemotactic factor-induced release of
membrane calcium in rabbit neutrophils. Science, 203,
461, 1979.

Naccache, P.H., Molski, T.F.P., Boréeat, P., Sha'afi,

R.I. Association of 1leukotriene B, with the
cytoskeleton of rabbit neutrophils. Effect of
chemotactic factor and phorbol esters. Biochen.

Biophys. Res. Commun. 124, 963, 1984.

Naccache, P.H., Molski, M.M., Volpi, M., Becker, E.L.,
Sha'afi, R.I. Unique inhibitory profile of platelet
activating factor induced calcium mobilization, poly-
phosphoinositide turnover and granule enzyme secretion
in rabbit neutrophils toward pertussis toxin and phorbol
ester. Biochem. Biophys. Res. Commun. 130, 677, 198S5a.

Naccache, P.H., Molski, M.M., Sha'afi, R.I. Polymyxin B
inhibits phorbol l12-myristate l3-acetate, but not
chemotactic factor, induced effects in rabbit
neutrophils. FEBS Lett. 193, 227, 1985b.

Naka, M., Nishikawa, M., Adelstein, R.S., Hidaka, H.
Plorbol ester-induced activation of human platelets is
associated with protein kinase C phosphorylation of
myosin light chains. Nature (London) 306, 490, 1983.

Neeéieman, P., Turk, J., Jakschik, B.A., Morrison, A.R.,
Lefkowith, J.B. Arachidonic acid metabolism. Ann. Rev.
Biochem. 55, 69, 1986. . : .

)

245



)
Nel, A.E., Wooten, M.W., Goldschmidt-Clermont, P.J.,
Miller, P.J., Stevenson, H.C., Galbraith, R.M.

Polymyxin B causes ¢toordinate inhibition of phorbol
ester-induced C-kinase activity and proliferation of B
lymphocytes. Biochem. Biophys. Res. Commun. 128, 1364,
1985. :

Nelson, D.S. Immune adherence, in Wolstenholme, G.E.W.,
Knight, J. (eds.): Ciba Foundation Symposium:
Complement. Little, Brown and Co., Boston, 1965.

Niedel, J.E., Davis, J., Cuatrecasas, P. Covalent
affinity labeling of the formyl peptide chemotactic
receptor. J. Biol. Chem. 255, 7063, 1980.

Niedel, J.E., Kihn, L.J., Vandenbark, G.R: Phorbol
diester receptor copurifies with protein kinase €.
Proc. Natl. Acad. Sci. USA 80, 36, 1983. -

Nishihira, J., O'Flaherty, J.T. Phorbol myristate
acetate receptors in human polymorphonucleag
neutrophils. J. Immunol. 135, 3439, 1985.

Nishihira, J., McPhail, L.C., O'Flaherty, J.T.
Stimulus-dependent mobilization of protein kinase C.
Biochem. Biophys. Res. Commun. 134, 587, 1986.

Nishikawa, M., Tanaka, T., Hidaka, H. ca’*-calmodu-
lin-dependent phosphorylation and platelet secretion.
Nature (London) 287, 863, 1980.

Nishikawa, M., Shirakawa, s., Adelstein, R.S.
Phosphorylation of smooth muscle myosin 1light chain
kinase by protein kinase C. J. Biol. ghem. 260, 8978,
1985,

Nisﬁizuka, Y. The role of protein kinase C in cell
surface signal transduction and tumour promotion.
Nature (London) 308, 693, 1l984a.

Nishizuka, Y. Turnover of inositol phospholipids and
signal transduction. Science 225, 1365, 1984b.

246

O'Brien, C.A., Liskamp, R.M., Solomon, D.H., Weinstein,

I.B. Inhibition of protein kinase C by tamoxifen.
Cancer Res. 45, 2462, 1985.

O'Flaherty, J.T., Schmitt, J.D., McCall, C.E., Wykle,
R.L. Diacylglycerols enhance human neutrophil
degranulation responses: Relevancy to a multiple
mediator hypothesis of cell function. Biochem. Biophys.
Res. Commun. 123, 64, 1984.

LY

[



247

ohta, H., Okajima, F., Ui, M. Inhibition by islet-
activating protein of a chemotagtic peptide-inducsg
early Dbreakdown of inositol phospholipids and Ca
mobilization ®%in guinea pig neutrophils. J. Biol. Chem.
260, 15771, 1985.

a
Ohtsuka, T., Okamura, N., \Ishibashi, S. Involvement of
protein kinase C in the hosphorylation of 46 kbDa
proteins which are phosphdbrylated in parallel with
activation of NADPH oxidase in intact guinea-pig
polymorphonuclear leukocytes. Biochim. Biophys. Acta
888, 332, 198s6.

Orellana, S.A., Solski, P.A., Brown, J.H. Phorbol ester
inhibits phosphoinositide hydrolysis and calcium
mobilization in cultured astrocytoma cells. J. Biol.
Chem. 260, 5236, 1985.

Orellana, S., Solski, P.A., -Brown, J.H. Guanosine 5'-0-
(thiotriphosphate) ~-dependent inositol trisphosphate
formation in mémbranes is inhibited by phorbol ester and
protein kinase C. J. Biol. Chem. 262, 1638, 1987.

O'Rourke, F.A., Halenda, S.P.,\Zavaco, G.B., ngnstein,

M.g4 Inositol 1,4,5-triphosphate reléases Ca from a
transporting membrane vesicle fraction derived

from human platelets. J. Biol. Chem. 260, 956, 1985.

otani, S., Matsui, 1I., Kuramoto, A., Morisawa, -S.
Induction of ornithine decarboxylase in guinea-pig
lymphocytes. Synergistic effect of diacylglycerol and
calcium. Eur. J. Biochem. 147, 27, 198S5.

Painter, R.G., Schmitt, M., Jesaitis, A.J., Sklar, L.A.,
Preissner, K., Cochrane, C.G. Photoaffinity labeling of
the N-formyl peptide receptor of human polymorphonuclear

leukocytes. 11. Biochem. 20, 203, 1982.
G.

Painter, R. Jesaitis, A.J., Sklar, L.A. Leukocyte
chemotaxis: Mobilizationg of the motile apparatus by
N-formyl chemotactic pep&es, in Elson, E., Frazier,
W., Glaser, L. ¥eds.): Cell membranes, Vol. 2. Plenum
Publishing, New York, 1984. p 43.

Parker, P.J., Coussens, L., Toﬁ%y, N., RhJ!, ﬁ?, Young,
§., Chen, E., , Stabel, 5., Waterfield, M.D., Ullrich, A.
e complete primary structure of protein kinase C - the
ajor phorbol ester receptor. Science 233, 853 1986.

Persellin, R.H., 2iff, M. 'The effect of gold ualts in
lysosomal enzymes of itoneal macrophages. -Arthritis
Rheum.’ 9, 57, 1966. . * '

‘ ‘P



,

{

Petersen, J. Inhibition of polyclonai&y induced
immunoglobulin secretion by aurothiomalate. Allergy 39,
29, 1984.

N »
Poenie, M., Alderton, J., Tsien, R.Y., Steinhardt, R.A.

Changes of free calciul levels with stages of the cell
division cycle. Nature (Lyndon) 315, 147, 1985.

Pontremoli, §S., Melloni, E., Michetti, M., Salamino, F.,
Sparatore, B., Sacco, 0., Horecker, B.L. Differential
mechanisms of translocation of protein kinase C to
plasma membranes in activated human -neutrophils

Biochem. Biophys. Res. Commun. 136, 228, 1986.

Postlethwaite, A.E., Kang, A.H. Collagen- and coliagen
peptide-induced chemotaxis of human blood monecytes. J.
Exp. Med. 143, 1299, 1976.

Pozzan, T., Lew, D.P., Wollheim, C.B., Tsien, R.Y.. 1Is

cytosolic ionized calcium regulating neutrophil

activation? Science 221, 1413, 1983.

Prentki, M., Wollheim, Cc.B., Lew, D.P. ca2*
homeostasis in permeabilized human neutrophils. J.
Biol. Chem. 259, 13777, 1984a.

Prentki M., Biden, T.J., Janjic, D., Irvine, R.F.,
ffidq M.J., Wollheim, C.B. Rapid mobilization of
from rat insulinoma microsomes "by inositol

1 4,5-triphosphate. Nature (London) 309, 562, 1984b.

Putney, J.W.Jr. Incsitol lipids and cell stimulation in
mammalian salivary gland. Cell Calcium 3, 369, 1982.

Rando, R.R., Young, N. The stereospeéific activation of
protein kinase C.” Biochem. Biophys. Res. Commun. 122,
818, 1984.

Rasmussen, H. Ce communication, calcium ion, and
cyclic adenosine monoPhosphate. Science 170, 404, 1976.

Rasmussen, H., Goodman, D.B.P. éelationships between
calcium and cyclic nucleotides in cell activation.
Physiol. Rev. 57, 421, 1977.

Richardson, D.L., 'Pepper, :D.S., Kay, A.B. Chemotaxis
for human monocytes by fibrinogen-derived peptides. Br.
J. Hematol. 32, 507, 1976.

248



Rink, T.J., Tsien, R.Y., Sanchez, A., Hallam, T.J.
Calcium and. diacylglycerol: Separable and interacting
intracellular activators in human platelets, in Rubin,
"R.P.,  Weiss, G.B., Putney, J.W.Jr. (eds.): Calcium in

biological systemns. Plenum Press, New York, 1985. p
155. A

Rink, T.J., Pozzan, T. Using quin 2 in cell
suspensions. Cell Calcium 6, 133, 1985.

Robinson, J.M., Badwey, J.A.,  Karnovsky, M.L.,
Karnovsky, M. J. Superoxide release by neutrophils:
Synergistic effects of a phorbol ester and a calcium
ionophore. Biochem. Biophys. Res. Commun. 122, 734,
1984.

»h

Roisman, F.R., Walz, D.T., Finkelstein, A.E. Superoxide
radical - production by human leukocytes exposed to immune
complexes: Inhibitory actions of gold compounds.
Inflammation 7, 355, 1983. -

Romeo, D., Zabucchi, G., Miani, N., Rossi, F. 1Ion

249

movement across leukocyte plasma membrane and excitation -

of their metabolism. Nature (London) 253, 542, 1975.

Rossi,  F., zatti, M. Changes in the metabolic pattern

of polymorphonuclear leucocytes during phagocytosis. -

Br. J. Exp, Path. 45, 548, 1964.

Rossi, F. The 0, -forming NADPH oxidase of the
phagocytes: Nature, mechanisms. of activation and
function. Biochim. Biophys. Acta 853, 65, 1986.

Ruddy, S., Austen, K.F., Goetzyl, E.J. Chemotactic

activity rived from interaction of factors D and B of

- the properdin  pathway with cobra venom factor C3b. J.
Clin. Invest. .55, 587, 1975. .

Sadler, P.J. The biological chehistry of gold. A
metallo-drug and heavy atom label with variabl
valency. Structure Bonding 29, 171, 1976. '

Sadler, P.J. The comparative evaluation of the physical
and chemical properties of gold compounds. - J.
Rheumatol. (suppl. 8)9, 71, 1982, . _ S

Sagi-Eisenberg, R., Lieman, H., Pecht, I. Protein
kinase C requlation of the receptor-coupled calcium
signal in histamine-secreting rat basophilic leukemia
cells. yature (London) 313, -59, 1985.

e



Sahyoun, N., Levine, H,. McConnell, R., Bronson, D.,
Cuatrecasas, P. A specific phosphoprotein phosphatase
acts on histone H1l phosphorylated by protein kinase C.
Proc. Natl. Acad. Sci. USA 80, 6760, 1983.

Salmeron, G., Lipsky, P.E. Modulation of human immune
responsiveness . in vitro by auranofin. J. Rheumatol. 9,
25, 1982. .

A

Salmon, J.A., Simmons, P.M., Palmer, R.M.J. A radio-
immunoassay for LTB,. Prostaglandins 24, 225, 1982.

Sano, K., Takai, Y., Yaminishi, J., Nishizuka, Y. A
role of calcium-activated phospholipid-dependent protein
kinase in human platelet activation. J. Biol. Chemn.
258, 2010, 1983,

€

Sastry, P.S., Hokin, L.E. Studies on the role of
phospholipids in phagocytosis. J. Biol. Chem. 241,
3354, 1966. -

Sawyer, D.W., ‘'sullivan, J.A. Mandel, S.L.

Intracellular free calcium localization-in—neutrophlls
during phagocytosis. Science 230, 663, 1985.

Schatzman, H.J. Calcium extrusion across the giasm
membrane by the calcium-pump ° and the -Na
exchange system, in Marme, D. (ed.): Calcium and cell
physiology. Springer-Verlag, Berlin, 1985. p 18.

Scheinberg, M.A., Santos, L.M., Finkelstein, A.E. The
effact ot auranofin and sodium aurothiomalate on
peripheral blood monocytes. J. Rheumatol. 9, 366, 1982.

Schwantkey N., Peuch,' c.J. A protein kinase ¢

250

inhibitory activity is present in rat  brain.

~ homogenates. FEBS Lett. 177, 36, 1984.

Segal, A.W., Heyworth, P.G., Cockcroft, S., Barrowman,
M.M. Stimulated neutrophils from patients with
autosomal recessive chronic granulomatous disease fail
to phosphorylate a M,.-44,000 protein. Nature (London)
316, 547 1985. )

Seligmann, -B.E., Gallin, E.K., Martin, D.L., Shain, W.,
Gallin, J. 1I. Interaction of chemotactic factors with
- human polymorphonuclear leukocytes: Studies using a
membrane potential sensitive cyanine. dye. J. Membr.
- Blol. 53, 257, 1980. )



N

Serhan, C.N., Lundberg, U., Lindgren, J.A. Weissmann,

G., Samuelsson, B. Formation of leukotriene C, by:

human leukocytes exposed to monosodium urate crystals.
FEBS Letf. 167, 109, 1984.

Sha'afi, R.I., Molski, T.F.P., Huang, C.-K., Nacacche,
P.H. The inhbition of neutrcphil responsiveness caused
by phorbol esters 1is blocked by the protein kinase C
inhibitor H7. Biochem. Biophys. Res. Commun. 137, 50,
1986. ' o ‘

Sharkey, N.A., Leach, K.L., Blumberg, P.M. Competitive .

inhibition by diacylglycerol of specific phorbol ester
binding. Proc. Natl. Acad. Sci. USA 81, 607, 1984.

Shaw, C.F.III. The mammalian biochemistry of gold: An
inorganic perspective of chrysotherapy. Inorg.
Perspect. Biol. Med. 2, 287, 1979 :

® .
Shaw, C.F.III., Inorganic and biological aspects of
ligand exchange at gold (I). Bioinorganic chemistry of

gold coordination compounds, in Sutton, B.M., Franz, .

R.G. (eds.): Proceedings of a symposium, bioinorganic

chemistry of gold coordination)compounds. Smith, Kline
and French Laboratories, Philade%bhia, 1981. p 98.

Shefcyk, J., Yassin, R., ,Volpi, .M., Moclski, T.F.P.,
Nacacche, P.H., Munoz, J.J., Bed!pr, E.L., Feinstein,
M.B., Sha'afi, R.I. . Pertussis

toxin inhipits the r stimulated increase in actin
association with the . cytoskeleton in rabbit
neutrophils: Role of the "G proteins" in stimulus-
response coupling.  /Biochem. Biophys. Res. Commun. 126,
1174, 1985. . T .

Shoji, M., Girard, P.R., Mazzei, G.J., Vogler, W.R.,

Kuo, J.F. Immunocytochemical evidence for phorbol
‘@ster-induced protein - kinase C translocation in HL60
.cells. Biochem. Biophys. Res. Commun. 135, 1144, 1986.

Shugar, D. The measurement of IYSozyme activity'and-thc
ultraviolet inactivation of lysozyme. Biochim. Biophys.
Acta 8, 302, 1952. ' - .

Siebert, P.D., Fukuda, M. Regulation of glycophorin
gene expression by a tumor-promoting phorbol ester in
human leukemic K562 cells,  J. Biol. Chem. 260, 640,
. 1985, : . ) 0 -

oxin but not cholera



o

Sklar, L.A., Finney, D.A., Oades, Z.A., Jesaitis, A.J.,
Painter, R.G., Cochrane, C.G. The dynamics of ligand-
receptor interactions. Real time analysis of
association, dissociation and internalization o©f an

N-formyl peptide and its receptor ' on the human
neutrophil. J. Biol. Chem. 239, 5661, 1984.

Smith, <C¢.D., Lane, B.C. Kusaka. I., Verghese, M.W.,
Snyderman, R. Cher0attractant receptor-induced
hydrolysis <¢f pnosphatidylinositol 4,5-bisphosphate in
human polymorphonuclear leukocyte membranes. J. Biol.
Chem. 260, 5875, 1985. :

Snyder, - R.M., Mirabelli, C.K. Crooke, S.T. Cellular
association, intracellular dlstribution and efflux of
auranofin via sequential 1ligand ekchange reactions’.
Biochem. Pharmacol. 35, 96;, 1986. : -

Snyder, R.M., Mirabel¥i C. K.,~ Crooke, sS.T. The
cellular pharmacology of auranofin. S@m ~Arthritis
Rheum. 17, 71, 1987a.

Snyder, R.M., MiraQ:lli, C.K., Crooke, S.T. Cellular
interactions of auranofin and A related gold complex

with RAW 264.7 macrophages. ‘Biochem. Pharmacol. 36,
647, 1987b. *
Snydermnan, R., Goé&zyl,~\E.J4 Molecular and, cellular

mechanisms of leukocyte chemotaxis. Science 213, 830,
1981.

Snyderman, R., Pike, M.C., Edge, S, Lane, B. A
chemoattractant receptor on macrophages exists in two
affinity states regulated by guanine nUCleotides. J.
Cg%l. Biol. 989, 444, 1984.
Spat, A., Bradford, P.G., McKinney, J.S., §gbin, R.Ps,
Putney, J.W.Jr. ' A saturable receptor for P-inositol
- 1,4,5-trisphosphate in hepatocytes and neutrophils.
.Nature (London) 319, 514, 1986.- , .o

Spilberg, I., Mehta, J.M. Demonstration‘of a specific
neutrophil receptor for a cell-derived chemotactic
faCtor:"J..Clin. Invest. 63, 85, 1979.

Streb, H., rxine R.F., Berridge, M.J., Schulz, I.
Release of Ca from a nonmitochondrial intracellular
store 1in pancreatic acinar cells by inositol-1,4,5-
trisphosphate. Nature ' (London) 306, 67, 1983.

/ .

252



Strnad, C.F., Parente, J.E., Wong, K. Use of fluoride
ion as a probe of the guanine nucleotide-binding protein
in the phosphoinositide-dependent neutrophil

transduction pathway. FEBS Lett. 206, 20, 1986.

Su, H.-D., Mazzei, G.J., Vogler, W.R., Kuo, J.F. Effect
of tamoxifen, a nonsteroidal antiestrogen, on
phospholipid/calciumsdependent protein kinase and
phosphorylation of its endogenous substrate proteins
from the rat brain and ovary. Biochem. Pharmacol. 34,
3649, 1985.

Sung, C.-P., Mirabelli, C.K., Badger, A.M. Effect of
gold compounds . on phorbol myristic acetate (PMA)
activated superpxide (0,7) production by mouse
peritoneal macrophages. J. eumatol. 11, 153, 1984.

Sytton, B.M., McGusty, E., Walz, D.T., DiMartino, M.J.
oral gold. Antiarthritic properties of alkylphosphine-
gold coordination complexes. J. Med. Chem. 15, 1095,
1972.

Sutton, B.M., Hempel, J.C., Hill, D.T. Auranofin: 1Its
chemical development and unique molecular properties, in
Cappell, H.A., Cole, D.S., Manghani, K.K. (eds.):
Proceedings of a Smith, Kline and French g¢nternational
symposium. Excerpta Medica, Amsterdam,(meii. p 6.

suzuki, Y., Lehrer, R.I. NAD(P)H oxidase activity in
human neutrophils stimulated = by phorbol myristate
acetate. J. Clin. Invest. 66, 1409, 1980.
Tainer, J.A., Turnher, S.R., Lynn, W.S. New aspects of
chemotaxis: Specific target «cell attraction by 1lipid
and lipopfotein  fractions ©of coli
chemotactic factor. Am. J. Pathol. 81, 4Q1, 1975.

Takai, Y., Kishimoto,. A., Inuce, M., Nishizuka, VY.

Studies: on a cyclic nucleotide-independent protein

kinase and "its proenzyme in mammalian tissues. 1I.

Purification. and characterization of an active enzyme

from bovine cerebellum. J. Biol. Chem. 252, 7603, 1977.
.1

" Takal, Y., Kishimoto, A.,, Kikkawa, U., Mori, T.,

Nishizuka, Y. .Unsaturated diacylglycerol as a posslible
messenger <for - the activation of calcium-activated,
phospholipid-dependent protein Xkinase lyltcn. Biochen.

. Biophys. Res. 09nnun. 91, 1218, 1979%a.

Takai, Y., Kighimoto, A., Iwasa, Y., Kawahara, Mori,
T., Nishiguka,. Y. Calcium-dependent activa®eidn of a
multifunct protein kinase by membrane
phospholigwm Biol. Chem. 234, 3692, 1979b. _

L]

253



4

Takai, Y., FKaibuchi, K., Tsuda, T., Hoshijima, M. Role
of protein kinase C in transmembrane signalling. J.
Cell. Biochem. 29, 143, 1985.

Tapley, P.M., Murray, A.W. Platelet Ca2+—activated,
phospholipid-dependent protein kinase: Evidence for
proteolytic activation of the enzyme in cells treated

“with phospholipase C. Biochem. Biophys. Res. Commun.

118, 835 1984,

Tapley, P.M., Murray, A.W. Evidence that treatment of
platelets with phorbol ester causes proteolytic
activation of Ca“"-activated, phospholipid-dependent
protein kinase. Eur. J. Biochem. 151, 419, 1985.

Teo, T.S., Wang, J.H. Mechanism of activation of a
cyclic adenosine 3':5'-monophosphate from bovine heart
by calcium ions. Identification of the protein

activator as a ca‘t binding protein. J. Biol. Chem.
248, 5950, 1973.

Teghima, ., 3kiuchi, S. Mechanism of stimulation of a

plus -dependent phosphodiesterase from Eat
cerebral cortex by the modulator protein and Ca
Biochem. Biophys. Res. Commun. 56, 489, 1974.

Thomas, A.P., Alexander, J., Williamson, J.R.
Relationship between inositol polyphosphsge production
and the increase of cyyoBolNc free Ca induced by

254

vasopressin in 1isolated hepatocytes. J. Biol. Chem. .

259, 5574, 1984.

-

4Tohmatsu; T., Hattori, H., Nagao, 8., bhki, K., Nozawa,

Y. Reversal by protein kinase C inhibitor of
suppressive actions of phorbol-l2-myristate-l13-acetate
on polyphosphoinositide metabolism and cytosolic ca<t
mobilization in ‘thrombin-stimulated human plate’ecs
Biochem. Biophys. Res. Commun. 134, 868, 1986.

Tsien, R.Y., Pozzan, T., Rink, T.J. cCalcium homeostasis
in intact lymphocytes: Cytoplasmic free calcium
monitored with a new intracellular trapped fluorescent
indicator. J. Cell Biol. 94, 325, 1982a.

Tsien, R.Y., Pozzan, T., Rink, T.J. T-cell m&&ogens
cause early changes in cytoplasmic free Ca and
membrane potential in lymphocytes. Nature (Lendon) 295,
68, 1982b. »

Tsien, R.Y., Pozzan, T.,_. Rink, T.J. Measuring and

manipulating cytosdlic calt with trapped indicators.
Trends Biochem. Sci. 9, 263, 1984.

= - -



}

Tsien, R.Y.,\Rink2 T., Poenie, M. Measurement of
cytosolic free Ca in 4individual small cells using
fluorescent - microscopy with dual excitation wavelength.
Cell Calcium 6, 145, 1985.

Turk, J., Maas, R.L., Brash, A.R., Roberts, L.J., Oates,
J.A. Arachidonic acid 15-l1lipoxygenase products from
human eosinophils. J. Biol. Chem. 257, 7068, 1982.

Umekawa, H., Naka, M., Inagaki, M., oOnishi, H.,
Wakabayashi, T., Hidaka, H. Conformational studies of
myosin phosphorylated by protein kinase €. J. Biol.

Chem. 260, 9833, 1985. _ -

van Eldik, L.J.,( Zendogui, J.G., Marshak, D.R:,
Watterson, D.M. Calcium-binding proteins and the
molecular basis of calcium action. 1Int. Rev. Cytol. 77,
1, 1982. !

Verghese, M.W., Smith, C.D., Snyderman, R. Potential
role for a guanine nucleotide regqulatory protein in
chemoattractant_ receptor mediated polyphosphoinositide
metabolism, ca®* mobilization and cellular responses
by leukocytes. Biochem. Biophys. Res. Commun. 127, 450,
1985.

Viken, K.F., | Lamvik, J.0. Effect of aurothiomalate on
human mononuglear cells cultured in vitro. Acta Pathol.
Microbiol. Scand. 84, 419, 1976.

Volpi, M., Yassin, R., Naccache, P.H., Sha'afi, R.I.
Chemotactic factor causes rapid decreases in

255

phosphatidylinositol 4,5-bisphosphate and phosphatidyl- -

inositol ' 4-monophosphate in rabpit neutrophils.
Biochem. Biophys. Res. Commun. 112, 957, 1983. A

Volpi, M., VYassin, R., Weng, T., Mplski, T.F.P.,
Naccache, P.H., Sha'afi, R.I. . Leukdtriene By
mobilizes calcium without the breakdown of :poly-
phosphoinositides i, in the rabbit neutrophil. Proc. Natl.
Acad. Sci. USA 81, 5966, 1984.

Volpi, M., Naccache, P.H., Molski, T.F.P., Shefcyk, J.,

Huang, C.-K., March, R®.L., Munoz, J., Becker, E.L.,
Sha‘'afi, R.I.” Pertussis toxin inhibits fMet-Leu-Phe but
not - phorbol ester ‘' stimulated  changes = in rabbit

neutrophils: Role of G proteins in excitation response

; coupling. Proc. Natl. Acad. Sci. Ui? 82, 2708, 198S5.

‘ackcr, W.E.C., Ulmer, D.D., Valles, B.L. Metallo-
enzymes and nyocardial infarction. II Malic and lactic
dehydrogenase  activities and zinc concentrations in

serum, N. Eng. J. Med. 255, 249, 1956.



Wallace, W.C., Bensusan, H.B. Protein phosphorylation
in platelets stimulated by immobilized thrombin at 37°
and 4°c. J. Biol. Chem. 255, 1932, 1980.

1
Wwang, J.H., Teo, T.S., Ho, H.C., Stevens, F.C. Bovine
heart protein activator of cyclic nucleotide
phosphodiesterase. Adv. Cyclic Nucl. Res. 5, 179, 1975.

wWwang, J.H., Pallen, "C.J., Sharma, R.K., Adachi, A.-M.,
Adachi, K. The calmodulin regulatory system. cCur. Top.
Cell. Reg. 27, 419, 1985.

Watanabe, T., Taguchi, Y., Sasaki, K., Tsuyama, K.,
Kitamura, Y. Increase 1in histidine decarboxylase
activity in mouse skin after application of the tumor
promotor tetradecanoylphorbol acetate. Biochem.

Biophys. Res. Commun. 100, 427, 1981.

Watanabe, Y., Horn, F., Bauer, S., Jakobs, K.H. Protein
kinase € interferes with Ni-mediate® inhibition of human
platelet adenylate cyclase. FEBS Lett. 192, 23, 1985.

Wessels, N.K., Spooner, B.S., Ash, J.F., Bradley, M.O.,
Luduena, M.A., Taylor, E.L., Wrénn, J.T., Yamada, K.M.
Microfilaments in cellulax and developmental processes.
Science, 171, 135, 1971.

Wey, H.E., Baxter, C.S. Phorbol diester synergistically
stimulates agonist-induced lipoxygenase product
formation in murine macrophages. Biochem. Riophys. Res.
Commun. 140, 861, 1986. .

White, J.R., Naccache, P.H., Molski, T.F.P., Borgeat,
P., Sha'afi, R.I. Direct demonstration of increased
intracellular concentrafjion. of free . calcium in rabbit
and human neutrophils following stimulation Y
chemotactic 2actors. Biocheh. Biophys. Res. Commuh.
113, 44, 19837

White, J.R., Huang, C.-K., Hill, J.M., Naccache, P.H.,
Becker, E.L., Sha'afi, R.I. Effect wof phorbol
12-myristate 13-acetate and its analogue 4 alpha-phorbol
12,13-didecancate on protein phésphorylation and

256

lysosomal enzyme release in rabbit neutrophils. J.

Biol. Chem. 259, 8605, 1984.

whitin, J.C., Chapman, C.E., Simons, E.R., Chovaniec,
M.E., Cohen, = H.J. Correlation. betwéen . membrane
‘potential changes and superoxide anion production in
human granulocytes stimulated by phorbol myristatg
acetate. J. Biol. Chem. 255, 1874, 1980. ,

h



Wilkinson, M., Morris, A. Interferon with novel
characteristics produced by human mononuclear
leukocytes. Biochem. Biophys. Res. Commun. 111, 498,
1983. . ;

williamson, J.R., Cooper, R.H. Joseph, S.K., Thomas,
A.P. Inositol trisphosphate ' and diacylglycerol as
intracellular second messengers in 1liver. Am. J.

Physiol. 248, C203, 1985.

Wilson, D.B., Connolly, T.M., Bross, T.E., Majerus,
P.W., Sherman, W.R., Tyler, A.N., Rubin, L.J., Brown,
J.E. Isolation and characterization of the inositol
cyclic phosphate products of polyphospheinositide
cleavage by phosiholipase C. Physiological effdcts in
permeabilized telets and Limulus phosphoreceptor
cells. J. Biol.. Chem 260, 13496, 1985,

Wilson, E., Olcott, M.C., Bell, R.M., Merrill, A.H. Jr o
Lambeth, J.D. Inhibition of the oxidative burst in
human neutrophils by sphingoid 1long-chain bases. J.
Biol. Chem. 261, 12616, 1986.

Wise, B.C., Glass, D.B., JenChou, C.-K.; Raynor, R.L.,
Katoh, N., Schatzman, R.C., Turner, R. S., K%gler; R.F.,
Kuo, J.F. . Phospholipid-sensitive -dependent
protein kinase from heart. 1II Substrate specificity and
inhibition by various agents. J. Biol. Chem. 257, 844d9,

1982.

Wojtecka-Lukasik, E., Sopata, I., Maslinski, S.

257

Auranofin modulates mast cell histamine and polymorpho-
nuclear .leukocyte collagenase releass. Agents Actions

18, 68, 1986.

Wolach, ‘b., DeBoard, J.E., Coates, T.D., Baehner, R.L.,
Boxer, L.A. COrrelatidh of in ‘vitro and in vivo effects
of gold compounds on leukocyte function: Possible
mechanism of action. J. Lab. Clin. Med. 100, 39, 1982.

Wolf, M., Cuatrecasas, P., Sahyoun, N. aInteraction gf
protein kinase ¢ with membranes is regulatca by Caz
phorbol esters and ATP.. J. Qiol.\Chem. 260, 15718,
1985a. 4 )
Wolf, M., Levine, H.III., May, W.S.Jr., Cuatrocalai, P.,
.Sahyoun, N. A model for intracellular tranllocatign ot
protein %ianse C involving synergism between Ca
phorbol esters. Nature (London) 317, 546, 1985b. .




Wolfson, M., McPhail, L.C., Nasrallah, V.N., Snyderman,
R. Phorbol myristate asg;;te\mgdiates redistribution of
protein kinase C in humfian neutrophils: Potential role
in the activation of the respiratory burst enzyme. J.

Immunol. 135, 2057, 1985. .

Wong, K., Chew, C.. Solvent effect of.dimethylsulphoxide
on superoxide production by neutrophifls. IRCS Med. Sci.
10, 1009, 1982.

Wong, K., Chew, C. i}ow exponential decay of the rate
of superoxide productfon in phorbol ester activated
human neutrophils. Inflammation 9, 407, 1985.

Wregn, R.W., Wooten, 'M.W. Dual calcium-dependent
protein phosphorylation systems in pancreas and their
differential regulation by polymyxin B. Life Sci. 35,
267, 1984. i :

Wright, <¢.D., Hoffman, M.D. The protein kinase C
inhibitors H-7 and H-9 fail to inhibit human neutrophil
acgtivation. ‘Biochem. Biophys. Res. Commun. 135, 749,
1986. - e . ‘

Yamanishi, J., . Takai, Y., Kaibuchi, K., sano, K.,
Castagna, M., Nishizuka, Y. Synergistic functions of
phorbol ester and calcium in serotonin Yrelease from
human platelets. Biochem. Biophys. Res. Commun. 112,
778, 1983.
?. ) <

Yano, ‘K., Nakashima, §S., Nozawa, Y. Coupling of poly-
phosphoindsitide breakdown. with ° calcium efflux in
. formylfmethionyl-leucyl—ghen lalanine-stimulated rabbit
" neutrophils. FEBS Lett. 1614 296, 1983.'

Yoshimasa, T., Sibley, D.R., Bouvier, M., Lefkowitz,
R.J., Caron, M.G.. - Cross-talk between cellular
signalling pathways suggested by phorbol ester-induced
adenylate cyclase phosphorylation. Nature (London) 327,
67, 1987. . .

258

Zatti, M., Rossi, F. Mechanism of the respiratory

stimulation~ in phdgocytosing leucocytes. The KCN-
-insensitive oxidation of NADPH,.. Experigntia 22, 758,
1966. . ‘

zatz, > M., ) Phorbol esters mimic alpha-adrenergic
potentiation of - serotonin N-acetyltransferase induction
in the rat pineal. J. Neurochem. 45, 637, 1985.

Zur + R.B., Hoffstein, S.; Waissmann, G. Cytoghaiasin
B: Effétt on lysosomal enzyme release from: human
lgukocytes. - Proc. Natl. Acad. Sci. USA 70, 844, 1973.



VITA

NAME: Janice Elena Rachel Parente

PLACE OF BIRTH: Hamilton, Ontario, Canada
YEAR OF BIRTH: 1961

POST~-SECONDARY EDUCATION:

(1) 1980-1984 Honours BSc (Biochemistry),
McMaster University, Hamilton, Ontario

(2) 1984-1987 PhD\(Medical Sciences), University
of Alberta, Edmonton, Alberta
HéNOURS AND AWARDS:

(1) McMaster University Research  Exchange
Schdlarship, University of Iceland, Reykjavik, Iceland.
‘May 1983. . | =

(2) Natural Scienceé and Engineering Research
Council of Canada Undérgraduate Summer Research Award.
May 1984. |

(3) . Ccanadian Arthritis Society Studentship
Award. December 1984. = b

(4) Algzrta Heritage’;Foﬁndatlon 'fqr Medical
Research St&dentship Avard.. December 1984.

(5) Canédian Society for c;inical Investigation
Student Award. June 198&. ‘  “ ,q§§

(6) . Alberta Heritage Foundation for x.dié;%u
Research Post-Doctoral ?e;lowqhip Award. May 1987}‘”
<& : o

259 |

.. R .- g e P
- .



260

RELATED WORK EXPERIENCE:

(1) 1982 Summer research student, Department of
Chemistry, McMaster University. Supervisors: Colin J.
Lock, PhD and Gary S. Schrobilgen, PhD.

(2) 1983 Research exchange student, Eﬁemical
institute‘ University of 1Iceland, Reykjavikf’Iceland.
Supervisor: Sigurgon Olafsson, PhD.

(3) 1983 Summer research student, Department of
Chemistry, McMaster Un&versity. Supervisor: Colin J.
Lock, PhD.

(4) - 1984 BSc senior thesis, Department of
Biochemistry, McMaster University. Dissertation: The
toxicological importance of the Ni(II)/Ni(III) redox
couple. Supervisor: Evert Njieboer, PhD.

(5) 1984 PhD thesis, Department of Medical
Sciences, University of Alberta. Dissertation: The

iﬁi%ory -activities of aold coordination complexes in

4
the transduction of inflammatory stimuli. Supervisor:

Kenneth Wong, PhD.

PUBLICATIONS: a

' 1) Parente, Janice E., Wong, Kenneth, Davis,

Pau;, Bdrka, John F., Pércy, John S. Ef:péts of gold
"compounds ~on LTBy, Lfc4 and ’PGE2 prodhctioﬁ by
polymorphonuclear _f;u§ocytes.v J. Rheuhatol.'ﬁl3; 47,

L 4 :
1986. ‘ : / .

- x



~

(2) Parente, Janice E., Wong, Kenneth, Dayis,
Payl. Effects of gold compounds on NADPH oxidase system
of human neutrophils. Inflammation 10, 303, 1986."

(3) Parente, Janice E., Davis, Paul, Wong,
Kenneth. The paradox of gold compounds: Activators or
inhibitors? J. RPaumétol. 13, 846, 1986.

(4) Strnaa, Coletfe, ¥., Parente, Janipe E.,
Wong, Kenneth. - Use of fluoride as a probe fér the
guanine. nucleotide binding protein winvolved‘ in' the
phosphoinésitide dependent neutrophil transduction
pathway. FEBS Le_tt. 206, 20, 1986.

(5) 'Pafbnte, Janice E., Davis, Paul, .Wong,

ot ]
Kenneth. 'Gold compounds alter distribution of protein

261

kinase C activity in human neutrophils. Inflammation .

v

11, 381, 1987.r )

(6) Ginsberg,.. Jody, Murray, Pat;icia, G.,
Parente, Janice -E., Wong, Kenneth. Translocation of
protein .kinase €' in porcine FQYroid cells following
expostre to thyrotropin. FEBS Lett. 1987 In Press.

(7) Parente,” Janice E., Kanteti,. V.S. Prasad,

Kaplan} Gordin, Wong, Kenneth. Auranofin, ‘ a

chrysotperapeutic~ agent, increasﬁd intracellular free
calcium‘in nentrpphilé. Submitted 1987. ° . | |

~ (8) Parente, Janice E., Girard, Peggy, R., Kuo,
-J; P, Nq; David, . Wong, - k.nneth.-;; Gg!d, qoﬁpbﬁndh

inhibited acéivati&n‘,otv protein kingso C by phorbgi;

<

"‘ »



myristate acetate in intact neutrophils. Submitted
1987. |

(9) Parente, Janice E., Walsh, Michael P., Ng,
David, WOqg, Kefneth. Direct inhibition of semi.-
purified protein kinase C by gold compounds. Submitted

»

1987.

262



