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ABSTRACT

PGE2 has been shown to possess

EP4 have been identified
human.

selective

pro-

and anti-inflammatory

Four subtypes of EP-receptor, termed EPi, EP2, EP3 and

properties.
the

both

pharmacologically and have been cloned in

good antagonists

No

are

available, but

a

range

of

may

be

agonists, particularly for the first three receptors

used in order to determine the

subtype(s) of EP-receptor involved in

a

given system.

Polymorphonuclear cells (PMN)
of inflammation.
of

defence

being able

phagocytose
the

any

inhibit

a

range

to

release

invading pathogen.

body, however,

lead to

the first cells to arrive at the site

are

Once at the inflamed site,

an

toxic

they provide the first line

substances

These effects

are

to

kill and

benefical for

inappropriate stimulation of these cells

of pathological disorders.

PGE2 has been shown to

neutrophil and eosinophil activation. In order to have

understanding of the mechanism of action of PGE2
characterisation

of

the

can

on

a

better

these cells, the

subtype(s) involved in these

EP-receptor

phenomena and identification of the signal-transduction pathway
were

attempted.

The aim of this research

was

to

identify the EP-receptor subtype(s)

mediating:
-

inhibition of the

stimulated

by formyl methionyl leucine phenylalanine (FMLP),

inhibition of

-

superoxide anion generation in human neutrophils

eosinophil cationic protein (ECP) release in

a

mixed

population of PMN stimulated by FMLP,
-

inhibition of ECP release and of

pure

superoxide anion generation in

a

population of human eosinophils stimulated by FMLP and C5a

respectively,
Another part

of this study

second messenger

was to test

the hypothesis that cAMP is the

mediating inhibition of neutrophil and eosinophil

activation, by PGE2.
In

the

neutrophils, PGE2 and the selective EP2-receptor agonists

produced

a

concentration-related inhibition of superoxide anion

generation. These results taken together with agents which interfere
with

the

cAMP

pathway suggested that inhibition of neutrophil

superoxide anion generation by PGE2 is mediated by stimulation of
EP2 receptors

and subsequent activation of adenylate cyclase.

From the work carried out

eosinophil activation.
the

mixed population of PMN it

However, since the

presence

was

of neutrophils in

preparation could influence the effects of agonists

activation, experiments

eosinophils.

were

repeated using

a pure

on

eosinophil

population of

The results obtained would support the involvement of

EP2 receptor mediating the inhibition of ECP release produced by

PGE2. The study
was

of the possible role for cAMP

mainly performed in

to draw any
a

a

possible to identify the subtype of EP-receptor involved in

not

an

using

pure

a

as a

second

messenger

mixed population of PMN not enabling

us

conclusion. However, the measurement of cAMP levels in

population of eosinophils support this hypothesis, but further

study is required in order to definitively conclude

on

this matter.
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C5a
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IgG
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major basic protein

mbp

neutrophil activating peptide
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peripheral blood mononuclear cells

pbmc

peroxidase
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pertussis toxin

PTx
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pma

phosphate buffered saline

pbs

phosphodiesterase

pde

phospholiapse A2

pla2

phospholipase C

plc

platelet activating factor

paf

polymorphonuclear leukocytes

pmn

prostaglandin Ex

PGEi

prostaglandin E2

pge2

protein kinase C

pkc

protein tyrosine kinase

ptk

III

superoxide anion

02

thromboxane

TX

tumor

growth factor

TGF

tumor

necrosis factor

TNF

IV

CHEMICAL NAMES:

AH 13205

trans-2 [4 - (1 - hydroxyhexy 1) pentyl) phenyl] - 5-

oxocyclo pentaneheptanoic acid.
AH 23848B

9[la(Z), 2p, 5a]-(±)-7-[5-[[(l,l'-biphenyl) 4-

yl]methoxyl]-2-(4-morpho-linyl)-3-oxocyclopentyl]4-heptanoic acid).
AH 6809

6-iso-propoxy-9-oxaxanthene-2-carboxylic acid.

Butaprost

16-hydroxy, cyclobutyl-PGE2

BW A868C

3 - benzyl- 5 - (6 - car boxyhexyl) -1 - (2 - cy clohexy1- 2 -

hydroxyethylamino)-hydantoin.
Cicaprost
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[lR-[la(Z)2p,3a,5a]]-(+)-7-[5-[[(l,l'-biphenyl)-4yl]methoxy]- 3-hydroxy-2-(lpiperidinyl)cyclopentyl]-4-heptenoic acid.

GR 63799X

[1R-[1 a(Z)2p(Rs),3 a]-(-)-4-

benzoylamino)phenyl-7-[3-hydroxy-3phenoxypropoxy)-5-oxocyclopentyl]-4-heptenoate.
H-89

N- [2 - br omocinnamy l(amino) e thyl] - 5 -

isoquinolinesulfonamide
He-NECA

2-hexenyl NECA

M&B

15S-hydroxy-9-oxo-16-phenoxy-co-tetranorprost-

28,767

13E-enoic acid

Misoprostol

16-hydroxy, 16-methyl-PGEi methyl ester

NECA

5'-N-ethylcarboxamido-adenosine

Ro-20-1724

[l-4-(3-butoxy-4-methoxybenzyl)-2-

imidozolidinone]
Rp-cAMPS

Rp-cyclic adenosine 3',5'-phosphorothioate

SQ 22,536

((9 - te trahydr o - 2 - fury1) ad e nine.

v

MATERIALS
1-Sources of the

drugs:

11-deoxy PGEi
l25i-cAMP

Cayman Chemicals, U.S.A

17-phenyl pge2

Cayman Chemicals, U.S.A

2-hexenyl-NECA

Dr G

Dr F

Antoni, University of Edinburgh
Cristalli, University of Camerino,

Italy.
Dr B

Bain, Glaxo, U.K.

butaprost

Dr P

Gardiner, Bayer, U.K.

cAMP

Dr B

Williams, University of Edinburgh

Dr B

Bain, Glaxo, U.K.

AH 13205
AH23848B
AH6809

antibody

GR 32191

«

GR 63799X
M&B 28767

Dr M

misoprostol

Dr p

pge2

Cayman Chemicals, U.S.A

Ro-20-1724

Roche

Caton, Rhone-Poulenc, U.K.

Collins, Searle, U.S.A

products ltd.
«

rolipram

Dr N H

SQ 22,536

Wilson, University of

Edinburgh
Dr E

sulprostone
The materials used

were

Schillinger, Schering AG, Berlin

obtained from the

8-bromo-cyclic AMP

following

sources:

Sigma, U.K.
«

8-phenyl-theophylline
adenosine deaminase

Boerhinger

bicarbonate

Northumbra Bio

(7.5%)

BSA

Aldrich

citrate

Baxter Healthcare

complement C5a

Sigma, U.K.

CTAB

Aldrich

cytochalasin B

Sigma, U.K.

ECP RIA kit

Pharmacia, U.K.

ferricytochrome C

Sigma, U.K.

Ficoll-Paque solution

Pharmacia, U.K.

VI

FMLP

Sigma, U.K.

HBSS

Gibco

HEPES

Sigma, U.K.

hypaque (Sodium diatriozate)
«

IBMX

indomethacin
u

methyl cellulose
NECA

R.B.I.

PBS

Sigma, U.K.

Percoll

Pharmacia, U.K.

superoxide dismutase (SOD)

Sigma, U.K.

2-Preparation of the drugs:
Prostanoids

Ethanolic stock solutions of

20°C and diluted
23848B which

saline,

as

prostanoids (10-30 mM)

directly into saline before

was

prepared

as a

were

use, except

stored at

-

for AH

1 mM solution by sonication in

required, and for AH 6809 which

was

made

up

fresh in 1%

NaHCOg.
FMLP
or

was

stored at -20°C at the concentration of

DMA and diluted into buffer before the

Isoprenaline

was

2mg/ml in DMSO

experiment.

prepared fresh from powder in the appropriate

physiological buffer.
Forskolin

was

stored at -20°C at the concentration of

ethanol and diluted into buffer before the

8-phenyl-theophylline
1M made up

8 bromo

was

diluted into

in water and 1/3 EtOH at

cyclic AMP

was

a

2mg/ml in

experiment.

warm

solution of 2/3 NaOH

concentration of ImM.

stored at -20°C at

a

concentration of

2mg/ml in DMSO.
NECA and He-NECA

were

kept at -20°C at the concentration of

lOmM in DMSO.

VII

Cytochalasin B

kept at 20°C at

was

concentration of 5mg/ml in

a

DMSO.

Rolipram and Ro-1724 were made

up

in

warm

saline, fresh before

experiment.
Complement C5a
saline

SOD

was

kept at -20°C at

a

concentration of lOmM in

containing 0.1% BSA.

was

kept at 4°C at

a

concentration of 15,000U/ml in distilled

water.

Indomethacin

stored at -20°C at

was

a

concentration of

10~2M

in

ethanol.

Adenosine deaminase

was

kept at 4°C at

a

concentration of

2,000U/ml

as a

suspension in ammonium sulphate.

SQ 22,536

was

kept at -20°C in ethanol at

Rp-cAMPS

was

stored at -20°C at

3 Data

a

a

concentration of lOmM.

concentration of ImM in buffer.

analysis:

EC50 values

calculated (concentration of agonist required to

were

produce 50% of the maximal effect of PGE2) for each of the EPreceptor agonists, in the presence and absence of antagonists using
the
a

Apple Macintosh

programme

graph-fitting, but

'Kaleidagraph'. Kaleidagraph is not

graph-drawing

a

programme

and

so uses

the

experimental maximum observed in order to determine the EC50
value.

A control concentration-effect

preparation of cells,

so

curve

for PGE2 was run in each

that the EC50 values for other agonists could

be determined relative to the maximum effect achieved with PGE2.
would therefore be

more

and not EC50S since

correct to call these values

they

are

It

"apparent ECsos"

calculated relative to the maximum

obtained with PGE2 and not relative to the maximum obtained with
the

agonist studied.

VIII

From these apparent

(EECs)

were

EC50 values, equieffective concentration ratios

calculated relative to the standard agonist, PGE2 (EEC

=

1).
4 Statistical
Data

are

Analysis:

expressed

as

the

averaged result taken from
Data
test

were

or

Anova

analysed using

ANOVA test

was

chosen

Significance

was

as

standard

mean ±

a

a

error

of the

mean,

of the

minimum of four separate experiments.

paired

or

unpaired students 2 tailed t-

appropriate.

being

a

non-parametric analysis of two variables.

considered reached when p<0.05.
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Chapter 1: INTRODUCTION TO PROSTAGLANDINS

1

Biosynthesis:

Prostaglandins

together with

constitute,

prostanoids.

These

thromboxanes,

the

the

be further grouped with leukotrienes,

can

lipoxins and hydroxyeicosatetaenoic acids, to form the eicosanoids
(Needleman et al., 1986). PGs
seminal

products and

were

were

first described in 1930 in human

believed to be produced by the prostate
derived (Kurzrok & Lieb, 1930).

gland, from which their

name

1957, the first PGs

succesfully extracted (Bergstrom & Sjovall,

1957), and
of the

they

were

shown to be synthesised de

were

body except the red blood cells. It

were very

novo

soon

in almost

every

In

cell

became apparent that

active biological compounds capable of

diverse

a

range

of actions.

Prostanoids

are

constituents

the

of

products of the 20-carbon-containing fatty acid

the

membrane

arachidonic acid and
and

3-series

of

phospholipids:

dihomo-y-linolenic,

eicosapentaenoic acid, which give rise to 1-, 2-

prostanoids, respectively (Bergstrom et al., 1964,

1968; Van Dorp, 1964; Samuelsson et al., 1966, 1978; Bergstrom,

1967), referring to the number of double carbon-carbon bonds in the
side

chains.

Since

arachidonic

acid

is

the

most

abundant

polyunsatured fatty acid in mammalian phospholipids, the 2-series
PGs

are

therefore

prostanoids
endoperoxide
Needleman et

are

predominant

synthesised

synthetase
al., 1986;

also

see

(Moncada

from

AA

called

al.,

et

by

the

The

1980).
action

cyclooxygenase

of

(COX)

PG

(see

Williams & Higgs, 1988), (illustrated in

Diagram 1.1). The synthesis of the other members of the eicosanoid

family, the leukotrienes is through the action of
enzyme,

an

other type of

lipoxygenase, present in certain cell types.

The first step

leading to PGs synthesis, is the release of the AA from

phospholipid membranes, by the action of phospholipase A2 (PLA2,
Flower &
are
now

Blackwell, 1976; Vogt, 1978).

implicated (Seilhamer et al., 1989; Clark et al., 1991) and have
been cloned

addition to PLA2,
and

Indeed, two distinct PLA2S

(Takayama et al., 1991; Fujimori et al., 1992).
other mechanisms such

diglyceride lipase

can

as

In

the stimulation of PLC

also induce the release of free fatty acids

(Neufeld & Majerus, 1983).

?

AA is

sequentially transformed into two unstable intermediates PG

endoperoxides- PGG2 and PGH2 (Hamberg & Samuelsson, 1973), by
the action of the enzyme

PG endoperoxide synthetase also called

cyclooxygenase (Smith et al., 1990; reviewed in Vane & Botting, 1995)
which

formed

is

domain

by three distinct folding units.

contains

structurally

two

distinct

molecules

of

into

oxygen

AA,

sites

active

for

its

The first unit inserts

cyclooxygenase and the peroxidase activities.
two

The enzymatic

giving

the

15-hydroperoxy

compound, PGG2, the second unit (hydroperoxidase) reduces the
hydroxyperoxy

group to

the hydroxy, giving PGH2.

Recent reports

have shown the existence of two forms of this enzyme,

COX-2,

one

being constitutiwe and the other inducible (O'Sullivan et

al., 1992; Winn et al., 1992).

The constitutive

enzyme

formation of TXA2, PGI2 and PGE2, whereas the
stimulated in inflammation to induce the

and

COX-1 and

other

inflammatory

mediators

induces the

inducible

to

a

new

class

of

is

synthesis of proteases, PGs
which

contribute

inflammatory state (Vane, 1994; Johnson et al., 1994).
pharmacological profiles of these two

enzyme

enzymes are

to

the

Since the

different, it has led

anti-inflammatory agents which

are

selective

inhibitors of COX-2.

The cDNA

encoding PG endoperoxide synthetase activity has been

isolated from diverse sources; the

sheep vesicular gland (Merlie et al,

1988; Yokoyama et al., 1988), the mouse 3T3 fibroblasts (DeWitt et

al., 1990) and from the human genomic library (Yokoyama & Tanabe,

1989).
very

The amino acid

sequences

encoded by the three species

closely related, presenting, 89%

mouse

and the

cDNA has been encoded

PG

metabolism

by specific

formation of the PGs:

as a

different isoform from COX-1 and its

(Xie et al., 1991; O'Banion et al., 1991)

endoperoxides

unused AA is

homology between the

sheep and 91% between the human and the sheep.

COX-2 has been identified

These

sequence

are

unstable

are

enzymes present

and

undergo

further

in tissues, leading to the

PGD2, PGE2, PGF2a, PGI2 and TXA2.

recycled by reesterification into phospholipid.

3

The

Besides

the

cyclooxygenase-derived PGs,

compounds which

are

formed

series of PGF2a-like

produced in vivo in humans by

cyclooxygenase, free radical
shown to exist

a

-

Reactive free radicals

injury,

The finding that

one

may

be

atherosclerosis,
inflammatory disease, cancer and

pathophysiologically in disorders such

ageing.

non-

catalysed mechanism has recently been

(Morrow et al, 1990).

ischaemia-reperfusion

a

as

of these compounds, namely 8-epi-

PGF2a, has biological activity, suggests they may in fact be mediators
in

such conditions.

those formed

contrast to

been

These

found

be

to

non-cyclooxygenase

as

result of

-

derived PGs, in

cyclooxygenase activity, have

essentially stored, being formed in situ from

phospholipids (Morrow et al., 1992). They
by the action of phospholipases.

A

new

are

then released, possibly

synthetic approach using

carbohydrates has been developed for the chemical synthesis of these
epi-PGs.
Metabolism:
Most PGs

are

dependent.

chemically stable and their life-time is usually pH

For example, the half-life for PGI2 and TXA2 is about 3

minutes and 30

seconds, at 37°C, respectively (Dusting et al., 1977;

Hamberg et al., 1975). The PGs
the

membrane

back

into

are

cells

transported from blood through

where

they undergo

a

two-step

breakdown; the first stage is removal of the carbon-15 hydroxyl group

by the 15-hydroxy prostaglandin dehydrogenase, to give 15-keto
compounds (reviewed in Hansen, 1986). The second phase is
oxidation of these

PG

a

slow

compounds.

receptors:

PGs

were

first believed to pass

result of their

through the cell membranes,

as a

lipidic nature. However, three important points argued

for the existence of

specific receptors for the PGs, namely, the high

potency of these compounds (Oien et al., 1975), the marked effects
from minor alterations of the chemical structure

and the

high diversity of the actions of PGs

(Moncada et al., 1976).

(Pike et al., 1967)

on a

A classification of these receptors has been

based upon:
-the

variety of cells

comparison of the potency of

a range

4

of agonists,

-the

use

of selective

antagonists,

-radioligand binding studies,
-the

analysis of signal-tranduction pathways,

-molecular

biology.

Pickles studied the effects of
different

smooth

muscle

a

series of PGE and PGF

on

preparations, and suggested the idea of

specific PG receptors (Pickles, 1967). This
later

analogues

was

supported

a

few

years

by Andersen & Ramwell (1974). In 1980, the first classification

proposed three types of PG receptors arbitrarily called
(Gardiner 85 Collier; 1980).
studies based

the

on

This work

was

followed

vp,

up

X and

co

by further

comparison of the potencies of PGD2, PGE2,

PGF2a, PGI2 and the stable TX-mimetic U46619 (Coleman et al., 1981)

leading to the suggestion of distinct receptors for each of the
analogues (Kennedy et al.,
Coleman,

A classification

1988).

coworkers after

Coleman

1983;

et al.,

1984;

proposed by Kennedy and

was

using mainly natural PGs, synthetic agonists, and

the small number of
Coleman et

1982,

synthesised antagonists (Kennedy et al., 1982;

al., 1984).

Five receptors

described termed DP, EP,

were

FP, IP and TP, after the five different naturally occurring prostanoids
PGD2. PGE2, PGF2a, PGI2 and TXA2.
indicates the

receptor.

The letter before the letter P

prostaglandin which shows the greatest potency for that

Supporting studies both pharmacological (Jones et al.,

1984; Tynan et al., 1984; Whalley & White, 1980) and biochemical

(Jones et al., 1984)

then published.

were

proposed, in 1989, based
each

to

receptor

on

was

the signal-transduction pathways linked

(Muallen et al.,

classification has been

Another classification

1989).

However,

the former

adopted by the IUPHAR committee for the

nomenclature of PG receptors.

It

soon

appeared that this classification required the subdivision of

certain receptors.
four

Coleman

classification

to

are now

subdivided into

subtypes EPi, EP2, EP3 and EP4.(Coleman et al., 1985a; Coleman

1987;

few

For example, EP receptors

was

et

al.,

based

antagonists available
compare

1987a,b,c;
on

Rao,

1988).

the effects of different

on a

Indeed

this

agonists and the

variety of smooth muscle preparations

their profile of activity.
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As early

as

1971, two EP

receptors were first suggested after the finding that SC 19220 blocked
contractile action of PGE2

the

the longitudinal muscle of the

on

guinea-pig ileum, whereas the PGE2
was

not affected

response on

(Bennet & Posner, 1971). A few

the circular muscle

and coworkers found SC 19220 to inhibit PGE2

receptor-containing tissues,

such

as

the

later, Coleman

years
on

a

range

of EP-

guinea-pig ileum and

fundus, the dog saphenous vein, the cat trachea, the rabbit aorta,
and the

dog and the cat iris (Coleman et al., 1980). These receptors

blocked

by SC 19220

for

called EPi-receptors.

were

EPi-receptors, AH 6809,

Another antagonist

developed, with

was

a

higher potency

and

solubility than SC 19220 (Coleman et al., 1985a) and without

any

local anaesthetic activity (Poll et al., 1989).

also possesses
not

make

recent

However, AH 6809

DP-blocking activity (Coleman et al., 1985) which does

this

compound

selective EPi-receptor antagonist.

a

study showed this compund to also be

antagonist (Woodward et al., 1995)

an

EP2 receptor

Further study of the effects of

16,16-dimethyl PGE2, ICI 80205 and 11-deoxy PGEi
smooth muscle
et

al.,

PGE2

on

on

diverse

preparations supported this subclassification (Dong

1986).

compounds

A

the most potent relaxant of the four

was

the cat and the guinea-pig trachea

well

as

the

as on

dog hind limb arterial vessels in vivo, whereas 16,16-dimethyl PGE2
and ICI 80205 had

a

active relaxant effect than PGE2

more

the

on

guinea-pig trachea, the rat stomach fundus and the bullock iris
sphincter.

11-deoxy PGEi

contractant

compared to PGE2.

Other

EP-receptor agonists

classification of

leading to

a

were

EP-receptors.

non-EPi-containing tissues

also

was

more potent as a

relaxant than

used in order to support this

Sulprostone and AY 23626 tested

were

on

found to present different activities,

subdivision into two further EP-receptors: EP2 and EP3

(Coleman et al.,

thought to be

1987a,b,c).

an

Even though sulprostone

EPi-receptor agonist, it is

receptors (Bunce et al., 1990).

more

was

first

potent on EP3

AY 23626 is potent at EP2- and EP3-

receptors.

The

use

of different

classification

of

EP-agonists and EPi antagonists allowed the

EP-receptors into three subtypes and to draw

6

a

general

pattern

of the activity

stimulation of EPi-and
of smooth

of the

different

receptors;

the

EP3-receptors usually leads to the contraction

muscle, whereas relaxation is generally through EP2-

receptors (see Table 1.1).
A fourth

EP-receptor

and Jones

was

suggested after several studies.

(1992) suggested the existence of

an

Lawrence

atypical EP2-receptor

present in the rabbit jugular vein, due to the low activity of the EP2receptor agonist, butaprost, on this preparation.
enforced

by the work

on

These results

were

the hamster uterus preparation (Yeardley et

al., 1992), the pig saphenous vein (Louttit et al., 1992a; Coleman et

al., 1994; Milne et al., 1995) and the rat trachea (Lydford & Mc
Kennie, 1993), which provided evidence for the existence of an EP4-

The TP-receptor antagonist AH 23848B

receptor.
possess

blocking activity for this EP4-receptor, with

was

found to

pA2 of 5.36

a

(Louttit et al., 1992a; Coleman et al., 1994; Milne et al., 1995).
Many PGE analogues have been synthesised which show differing

selectivity

for

the

Unfortunately only

EPi-,

one

and

EP2-

EP3-

agonist is reported

as

subtypes.

receptor

selective for the EP4-

receptor, GR 50209 (Coleman, personal communication), but this still
is uncertain.

Further studies and the

compounds for this receptor subtype
the

are

synthesis of

more

required. The structures of

agonists and antagonists used in the following work

Figures 1.1, 1.2, 1.3.

selective

are

given in

The selectivity and the potency of the EP-

receptor agonists and antagonists used in this thesis are summarised
in Tables 1.1 and 1.2,

and the reader is referred to the corresponding

references for evidence of their

selectivity.

Second messenger:

Early studies showed

a

link between PGs and cAMP (Butcher et al.,

1967; Butcher & Baird, 1968) and PGs were shown to be able to
stimulate
same

year,

PGE2 had
PGE2

adenylate cyclase (Kuehl et al., 1972, 1973). However, the
Shio and Ram well (1972) showed in platelets PGEi and

opposite effects

on

cAMP levels, PGEi reducing it, and

increasing cAMP, suggesting different effect

according to the receptor subtype involved.
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It is

on
now

cAMP levels

established

that, in general EPi- and EP3-receptors are either coupled to the
of

inhibition

adenylate cyclase (Gutman et al.,

activation of PLC

increase

an

leading to
the

in

an

1979)

or

to

the

increase in IP3 and DAG and thus to

intracellular

concentration

of Ca2+

(Creese &

Denborough, 1981), whereas EP2- and EP4-receptors act through
stimulation of
et

adenylate cyclase (Creese 85 Denborough, 1981; Honda

al, 1993; Coleman et al., 1994; Milne et al., 1994). However, recent

studies showed the existence of different

splice variants of the EP3

receptor which can couple to two different GTP-binding proteins (Gi
and

Gs) resulting in inhibition

or

activation of adenylate cyclase,

respectively (Namba et al., 1993; Adam et al., 1994; Regan et al.,
1994).

Cloning and expression of the PG receptors:
Thanks to the

development of new potent selective PG agonists and to

molecular

biology, PG receptors have been purified and their cDNA

isolated.

The

first

(Ushikubi et al., 1989) and
from human

be purified

receptor to

the TP-receptor

later its cDNA

was

isolated

megakaryocytes (Hirata et al., 1991). This

was

followed

a

few

was

years

by the cloning of FP- in the uterus (Abramovitz et al., 1994), IP- in the

lung

(Boie

et

al.,

1994;

cardiovascular system
and small intestine

Katsuyama

et

al.,

1994)

and in the

(Nakagawa et al., 1995), DP- in human retina

(Boie et al., 1995), EPi- in erythroleukaemia cells

(Funk et al., 1993a; 1993b), EP2- in the placenta (An et al., 1993;
Regan et al., 1994b), EP3- in human erythroleukaemia cells (Kunapuli
et

in

al., 1994) and in the small intestine (Regan et al., 1994a) and EP4the

lung (Bastien et al.,

summarised in Table

1994).

(The cloned receptors

1-3).

The structure of these cloned receptors

showed the

hydrophobic transmembrane domains (7TMs),

an

presence

of

seven

extracellular amino

terminus and

an

similar to the

G-protein-coupled, rhodopsin-type receptors, such

intracellular

carboxyl terminus.

This structure is

adrenoceptors, 5-HT receptors and olfactory receptors.
receptors do not share much amino acid homology,

regions which
second

are

are

as

The PG
except two

well conserved in all the receptors isolated: the

extracellular

loop connecting TM4 and TM5, this region

8

triplet Trp-Cysregion is the seventh transmembrane

presents 7 conserved amino acids with a nonvariable
The other well conserved

Phe.

domain

containing 15 amino acids, and with

highly conserved and suggested to be
functions.

These domains, even

must be essential for the PG

very

an

arginine which is

important in PG receptor

though their role is not understood,

recognition of the receptor, the variable

regions of the molecule could also be important in binding to give the

The Arg present in TM7 could be the

selectivity for different PGs.

binding site for the alpha-carboxylic acid
be

group

important for the binding of antagonists,

Funk and collaborators

of PGs, and

as

may

also

has been shown by

(1993b) for the TP receptor.

Prostaglandins in inflammation:
Inflammation is the reaction of
characterised

The

or

infection,

by heat, redness, swelling and pain. This is due to

increased blood
and the

living tissue to injury

flow,

an

increased post capillary venular permeability

an

migration of the leukocytes from these vessels into the tissue.

leukocytes,

once

in the tissue, migrate towards the site of

inflammation in response to
mediators.

The

polymorphonuclear leukocytes

particular the neutrophils,
inflammation

concentration gradients of inflammatory

followed,

(PMNs),

and in

the first cells to arrive at the site of

are

several

hours

later

by the mononuclear

leukocytes (monocytes and lymphocytes).
The

inflammation,

mechanism of the

effective

system

with

the

immune

can

of

a

defence

However, this

be defective and become involved against

causing damage. This is the
use

is

body against invading organisms.

innocuous external substances

where the

response,

case

or

against the body's

tissues,

in asthma and rheumatoid arthritis

anti-inflammatory

essential to reestablish normal

own

or

immunosupressive drugs is

functioning of the body.

Pro-inflammatory actions:
Several observations have contributed to the conclusion that PGs

pro-inflammatory compounds.

PGs have been found to produce

signs of inflammation, both in rat and in
1969,

1971), inducing

an

are

man

(Crunkhorn 85 Willis,

increase in vascular permeability, PGE2
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being the predominant PG present at the site of inflammation.
Furthermore,

NSAIDs

were

shown to be potent inhibitors of PG

synthesis in the guinea-pig lung cell-free homogenates (Vane, 1971),
isolated human

platelets (Smith 86 Willis, 1971) and in perfused dog

(Ferreira

spleen

et

conclusion that PGs

al.,
are

1971),

observations

which

led

to

the

pro-inflammatory compounds.

Anti-inflammatory actions:
Besides

these

described

as

PGs have also been

anti-inflammatory compounds.

Indeed,

that

of PGE

showed

rat

pro-inflammatory properties,
systemic

administration

a

study in the
reduced

the

inflammatory effects of histamine, 5-HT and bradykinin (Fantone et
al., 1983).

Reduction of adjuvant athritis in the rat has also been

demonstrated
pro-

(Kunkel et al., 1981). PGI2 has been shown to present

anti-inflammatory

or

actions

administration, intra-dermal

1986b).

or

according

to

the

route

of

intra-venous (Rampart 86 Williams,

PGs have also been shown to inhibit LTB4 production by

peripheral blood PMNs (Ham et al., 1983), and thus interfere with the
LTB4-mediated adhesion of PMNs to the endothelial wall.
PGs have been shown to inhibit enzyme
PMNs

Production of PGs
appear

leukotrienes
the

release and O2" generation by

(Ham et al., 1983; Wheeldon 8& Vardey, 1993; Talpain et al.,

1995) which is also potentially

PMNs

In addition,

major

an

anti-inflammatory action.

by PMNs:

to be poor at synthesising PGs, producing mainly

(Henderson 8& Klebanoff, 1983).

source

In acute inflammation,

of PGs is endothelial cells (Zimmermann et al.,

1990), mononuclear cells (Davies et al., 1985), mast cells (Peters et
al., 1972) and platelets (Marcus, 1988); the PG synthetase being cell-

specific. However, it has been shown that rabbit peritoneal PMNs

can

produce PGs in vitro, when stimulated with killed bacteria, the
proportion of PGs being 56% PGE2, 28% PGF20C, 16% unknown (Higgs
86

Youlten, 1972). They have also been shown to be able to convert in

vitro, exogenous AA into PGs (McCall 85 Youlten, 1973).
PGs have been
as

implicated in

inflammation

(Lewis,

a range

1983),

of pathological conditions; such

asthma (Horton,
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1969),

pyrexia

(Milton & Wendlandt,
disease

(Hirsch

destruction of

(Scharschmidt

et

1971), thrombosis and occlusive vascular

al.,

1981),

cancer

(Goodwin

et

al.,

1980),

cartilage and bone (Lewis, 1983) and renal disease
et

al.,

The

1986).

additional anti-inflammatory

properties of the PGs make them complex compounds, which could
offer

interesting

opportunities

pathological conditions.
mode

of actions,

necessary

as

for

However,

well

as

a

the

modulation

of

these

better understanding of their

of the receptors they act upon, is

in order to synthesise

new

drugs which could mimic

interfere with their actions and therefore be of

11

therapeutic value.
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Butaprost

pge2

OH

AH 13205

16,16-dimethyl
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Figure 1.1: Structure of PGE analogues
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2.1- GENERAL INTRODUCTION TO WHITE BLOOD CELLS
The white blood cells

the
The
the

leukocytes)

or

are

divided into three

groups:

granulocytes, the lymphocytes and the monocytes.

polymorphonuclear leukocytes (PMNs

granulocytes) include

or

neutrophils, the eosinophils and the basophils.

Like red blood
are

(

cells, PMNs originate in the bone

produced by

a process

large number, 4-11
individual

and

x

called leucopoiesis.

They

are present

109 cells /l, in the circulation of

all

are

concerned

in

one

where they

marrow

way

or

in

normal

any

another with

protecting the body against infection and disease.
Basophils

the

are

least

of

common

the

granulocyte

family,

representing less than 0.1% of nucleated blood cells, and their
defensive role is somewhat

enigmatic.

Although both neutrophils and eosinophils have
normal

a

protective role in

individuals, the pathogenesis of various clinical disorders

be associated with
disease states,

inappropriate granulocyte activation.

the antimicrobial activity of these cells

can

In

can

some

be turned

against the body, damaging host tissue and impairing its function.
Indeed, the neutrophil has been strongly implicated in diseases

(Malech & Gallin, 1987) such
where

these

multiple

cells

organ

One way

attack

as

the

Adult Respiratory Distress Syndrome
lungs and other

leading to

failure.

of controlling diseases such

activation

organs

and

accumulation

of

as

the

these

may

be to control the

granulocytes.

Therefore

an

understanding in the basic biology of these cells is essential.
2.2-INTRODUCTION ON NEUTROPHILS

Neutrophils

are

the

predominant white

cells

in

human

blood

representing between 50 to 70% of the leukocytes, and play

an

important role in inflammation, particularly when this is of bacterial
origin, their numbers
during infection.
ten

can

elevate

one

ten-fold of the normal values

Neutrophils stay in the circulation for only six to

hours; thereafter, they

active for

up to

to two

of the normal values

move to

the tissues where they remain

days. Their numbers

can

during infection. Indeed,
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elevate
a

up to

healthy

ten-fold

response to

pyrogenic infection usually elicits a neutrophilia ranging from 15,000
to

30,000 cells/pl.

Neutrophils
such

forms of

The

also involved in well-known noninfectious conditions,

gout, rheumatoid arthritis, autoimmune vasculitis and some

as

due to

are

glomerulonephritis, where tissue injury is, at least partly

products from neutrophils.

neutrophil is

a

small cell with

been shown to vary
Fantone

etal, 1983).

neutrophils reveals

populations of granules,

endoplasmic reticulum and with
lost their
there is
or no

diameter of 12-15(.im. They have

according to the species (Mackin et al, 1982;

The ultrastructure of the
various

a

ability to divide
synthesis of

no

DNA

as

new

poor

a

cell extremely rich in

in mitochondria and rough

They have

polymorphic nucleus.

indicated by the absence of nucleolus;
ribosomes,

no

replication and

very

little

repair and synthesis. Being motile cells their cytoplasm is

rich in actin and

Neutrophils

are

myosin filaments.

capable of purposeful locomotion, phagocytosis and

exocytosis. The first part of this complex
in

a

response

requires changes

shape, orientation, adhesiveness and motor properties; the late

stages are marked by explosive metabolic activation.
arrive

Neutrophils

first, followed, in order of motility, by the arrival of monocytes,

eosinophils, basophils and lymphocytes. The number arriving at the
site of infection

being determined by the noxious agent.

Once at the site of inflammation,

defence

neutrophils provide the first cellular

ingesting microorganisms by phagocytosis and release of

toxic substances such

as

superoxide anion (O2") and the contents of

their several

cytoplasmic granules, which enable the neutrophil to

effectively kill

any

invading pathogen.

Stimuli

Neutrophils, in the blood,
chemotactic factors

or

are

attracted to sites of infection by

chemotaxins.

bloodstream into the tissues

moving
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They thus, emigrate from the
up a

gradient of these factors

(Morel et al., 1991). These stimuli can be soluble or particulate such
opsonised particles, immune complexes and chemotactic factors

as

which

generated by the interaction of antibodies with antigens

are

on

bacteria themselves. They act by binding to specific
receptors present on the neutrophil membrane. There are several
pathogens

or

aspects of neutrophil responses that can be elicited by stimulation.
These include:

chemotaxis, phagocytosis, oxidative burst, digestion,

extracellular release and
A

variety of stimuli

excitation-response

aggregation.

are

known to stimulate neutrophils and the

sequence vary

then, according to the stimulus. A

of chemoattractant agents

range

are

known, such

the formyl-

as

methionyl peptides and the complement C5a (Shin et al., 1968; Ward
& Newman,

1969), considered

as

the best of them which

are

released

from bacteria at the site of inflammation and diffuse into the blood
vessels located in close
a

proximity. The complement fragment, C5a, is

peptide generally produced locally after unspecific

or

specific

immunologic tissue damage and act in their proximity.
It

was

C5a,

in 1968 that

and

1973-76

a

chemotactic function

that C5a

was

was

first described for

shown to be the chemotactic

fragment (Fernandez & Hugli, 1976; Fernandez et al., 1978). In 1978,
the C5a sequence was
a

74-amino

acid

determined (Fernandez & Hugli, 1978); C5a is

protein fragment that is cleaved from the C5a

complement component during activation of the complement system.
The presence

of specific binding sites for C5a

demonstrated
isolated

The

a

(Chenoweth & Hugli,

few years

and

neutrophils

1978), and the receptor

were
was

later by Johnson and Chenoweth (1985).

formyl-methionyl peptides

of infection

on

diffuse

into

released from bacteria at the site

are

the

blood

vessels

located

in

close

proximity.

Formyl

methionyl

leucyl-phenylalanine

(FMLP)

is

a

synthetic

formylated tripeptide which has been synthesised by Showell and
collaborators in 1976
chemotactic

(Showell et al., 1976), based

activity in bacterial lysates.

on

the finding of

Bacteria start protein

synthesis with formylmethionine, and various simple fMet peptides
can

act

responses.

as

chemotaxins

Indeed,

a

few

and
years

can

stimulate

other

neutrophil

later, this chemotactic activity
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was

attributed to small

peptides with blocked amino

(Schiffman et

groups

al., 1975), and synthetic N-formymethionyl peptides were found to be
chemotactic
release

(Schiffman et al., 1975) for PMN and

lysosomal

FMLP binds to

and

enzymes

specific receptors

them to

cause

become metabolically activated.
human neutrophils (Williams et

on

1977) and initiates a series of events provoking neutrophil

al.,

functions

including: O2" generation, aggregation and degranulation
Many formylpeptides act in the

(Cronstein & Haines, 1992).
way as

same

FMLP (Schiffmann et al., 1975). It is the case for the bacterial

lipopolysoccharide (LPS) which is,
methionyl peptides (such
accumulation

as

the small N-terminal formylated

as

FMLP),

a potent

stimulus for neutrophil

(Williams, 1994).

According to the stimulus, neutrophil

may

been shown that the stimulation of the

respond differently. It has

neutrophil by FMLP (5

x

10~7

M) induced the release in the extracellular medium of the proteins
from

only two subcellular compartments: the specific granules and

the third

granules rich in gelatinase (Dewald et al., 1982). FMLP also

leads to

shape changes and the projection of pseupodia

Many

chemotactic

factors

monocytes/macrophages,
interleukin-8

(IL-8) acts

but
on

both

act

such

,

cytokines

as

and

However,

both neutrophils and lymphocytes, it is
are

specific to

a

single type

neutrophil activating peptide-2 (NAP-2).

known to also act

are

ruffles.

neutrophils

on

lymphocytes.

not

produced by the endothelial cells. Some,
of cell

or

as

A few

chemoattractant agents, such

as:

granulocyte macrophage-colony stimulating factor (GM-CSF), tumor
necrosis factor
IL-8

It

(TNF)-a and TNF-P, tumor growth factor-p (TGF-P) and

(or NAP-1) and NAP-2 (2 a-intercrines).

has

be

to

sometimes
effect

is

pointed out that the term "chemotactic factor" is

inadequate to describe these agents; indeed, their first

to

stimulate

locomotion.

chemokinetic, depending

on

whether

This
a

can

be

chemotactic

gradient is present

or

or not.

Lipids have also been found to be chemotactic (Turner et al., 1975).
Leukotriene B4

(LTB4), produced by the neutrophils themselves, and

several

cell

other

types,

upon
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activation,

is

chemotactic,

as

consequence

calls

more

cells into the site of inflammation (Palmer et

al., 1980; Ford-Hutchinson et al., 1980). Receptors for LTB4 have
identified

been

on

the

neutrophil surface (Goldman and Goetzl,

1982).
Platelet activator factor
for

the

(PAF) has also been shown to be

1986) and the presence of

neutrophil (O'Flaherty et al.,

specific neutrophil receptor sites

was

activator

an

demonstrated (Hwang et al.,

1983).

Aggregated IgG

shown to induce O2" release (Lehmeyer 85

was

Johnston, 1978).
Stimulation

by FMLP

neutrophils

undergo

summarised

as

can

be modulated and regulated. Indeed,

sequential

1986).
are

have

an

can

be

Extravascular

increased responsiveness

compared to the PMN present in the blood (Zimmerli et al.,

This would be explained by the fact that extravascular PMN

primed showing

surface

which

deactivation, adaptation and priming.

PMN-those in advanced life stageto FMLP

stimulation

an

increased number of FMLP receptors

(Zimmerli et al., 1990).

observed with C5a, even
C5a receptors

though

on

their

This phenomenom has also been
no

increase in the number of the

has been detected and that mechanisms other than

receptor upregulation are implicated in the priming processes.
The

neutrophil

it has been

response to

FMLP

number

also be down-regulated: indeed,

observed, that despite the continued

neutrophils terminate these
stimulation.

can

responses

This has been attributed to

presence

of FMLP,

within 5-10 minutes after
a

decrease in FMLP receptor

by the internalisation and binding of these receptors to the

cytoskeleton and the segregation of these receptors to domains of the

plasma membrane rich in actin and fodrin, but depleted of the GTPbinding proteins required for further signal transduction (Jesaitis et
al.,

1986;

membranes

1989).

1989).
of

An internal pool of FMLP-receptors

on

the

specific granules has been observed (Allen et al.,

In support of internalisation, FMLP has been found to

increase the

quantity of detectable filamentous actin in neutrophils in

24

a

dose-dependent

Oresajo,

Furthermore,

1985).

dihydrocytochalasin B,
(F-actin),

(Howard & Meyer,

manner

reverses

an agent

it

has

1984;

Howard &

shown

been

that

that depolymerizes filamentous actin

the association of bound FMLP receptors with the

cytoskeleton and amplifies the
(Jesaitis et al., 1986).

response

of neutrophils to FMLP

Similarly, Cronstein and coworkers, showed

cytochalasin B to completely inhibit the association of bound FMLP
receptors to the cytoskeleton (Cronstein et al., 1990), and that this
association

of

bound

FMLP

dissociates bound receptors

thereby terminating FMLP
this reason,

receptors

with

cytoskeleton

the

from the signal-transduction apparatus,

response

(Cronstein & Haines, 1992). For

cytochalasin B is often included to block the association

of bound FMLP receptors

with the cytoskeleton, thus amplifying the

FMLP response.

In

addition

to

direct

activating agents, priming agents play

an

important role in the activation and regulation of the neutrophil
response.

These agents include: TNF-a, GM-CSF, PAF, TNF-p, TGF-p

and IL-8

(or NAP-1), NAP-2 (2 a-intercrines) and LPS, and do not

induce secretion but enhance the reactions initiated

agents (McColl et al.,

1990).

Thus, the

by activating

same agents

that

cause

upregulation, activation of surface receptors and chemotaxis, also
prime the neutrophils for enhanced microbicidal activity.
Synthesis and Regulation
Leucopoiesis is stimulated by specific glycoprotein hormones: the
colony

stimulating

vascular

factors

(CSFs)

elaborated

endothelium, and T cells, which act

generate neutrophils, eosinophils or basophils.
CSFs

by

macrophages,

on

stem

cells to

The production of

is, itself, triggered by T-cells which have been activated by

intrusive

antigens

TNF and IL-1.

or

These

toxins to stimulate macrophages into generating

cytokines in turn trigger the production of GM-

CSF, G-CSF, and M-CSF by marrow macrophages, and by peripheral

populations of endothelial and mesenchymal cells.
activates
such

as

GM-CSF, itself,

macrophages and neutrophils to produce other cytokines,
IL-1, TNF, G-CSF and M-CSF (Lindemann et al., 1988) and
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peripheral blood mononuclear cells (PBMC) to become

activates

tumoricidal.

is

This

auto-regulated system, where each of the products

an

stimulates the
a

third

for

production of another, itself inducing the synthesis of

kind, providing

the

cells

a

subtle and complex mechanism of regulation

of the defence

system.

The cytokines have

a very

important role in the synthesis and the orientation of granulocytes:
secreted locally at low levels by marrow endothelium and

IL-3,

fibroblasts, regulates the production of granulocytes during steady
state,

mobilization of
the

GM-CSF and

whereas

G-CSF

trigger the generation and

neutrophils during inflammation

as

well

as augment

responsiveness of the neutrophil towards chemotactic factors

Cytokines act together, within

(Weisbart et al., 1987).
often

synergistically with each other
function.

cell

increased

or

a

network,

with other stimuli to influence

Neutrophils, pretreated with GM-CSF exhibit
of

rate

membrane

depolarization

and

an

enhanced

degranulation and superoxide anion release following stimulation by
FMLP, C5a-des-Arg and LTEh (Lopez et al.,

1987). In addition, GM-CSF plays
of the adhesion between
the

an

1988; Weisbart et al.,

important role in the regulation

neutrophils and the endothelium, regulating

expression of adhesive receptors and stimulating neutrophils to

form

long sticky projections that facilitate the engulfment of invading

organisms.
IL-8, released by monocytes, endothelial cells, fibroblasts, epithelial
cells, hepatocytes and keratinocytes, in response to inflammatory
stimuli such

as

IL-1

and TNF,

amplifies the neutrophil

response,

stimulating chemotaxis, the activation of their motile apparatus, the
expression of adhesion molecules,
generation.

IL-1

and TNF have

enzyme

also

release and superoxide

been

shown

to

activate

neutrophils, enhancing phagocytosis, degranulation and neutrophil
cytotoxicity. IL-1 is also potent at inducing neutrophil accumulation.
Part of this action is

on

the endothelial cell

membrane, enhancing the

expression of several cell adhesion molecules (Bevilacqua, 1993).
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Adhesion and passage
The

through the endothelial cells

diapedesis of neutrophils from the blood to the tissues requires

them

This phenomenon can be

be motile.

to

different

the movement of the neutrophils towards the

stages:

endothelial cells, the adhesion of
passage

neutrophils to the endothelium, the

of the neutrophils through the endothelial barrier and the

movement of the

neutrophils to the site of inflammation.

The first model of locomotion for
in 1939

divided into three

leukocyte,

was

described by Lewis,

(mentioned in Stossel, 1978) and followed by several

study, by

many

locomotion.

years

of

workers, to determine the mechanism of neutrophil

Cell

motility is made possible by the existence of

a

system constituted by actin and myosin, and governed by a family of

actin-binding, Ca2+-dependent proteins that includes profilin, gelsolin
and acumentin.

Pollard,

Myosin

1973), and the

was

isolated from PMN in 1973 (Stossel &

same

year,

the existence of the other

prominent part of the cytoskeleton of cells, the microtubules,
confirmed

(Olmstead & Borisy, 1973).

These elements

are

essential for

neutrophil function; for motility and

for the extracellular release of enzymes
et

was

al., 1977).

during phagocytosis (Hoffstein

Adherence of neutrophils to endothelial cells in post¬

capillary venules is facilitated by the passive movement of the

neutrophil to the vessel wall, which
selectin molecules

on

causes

the endothelial

reversible interaction with

cells, influenced by the fluid

flow.

Neutrophil adhesion to the endothelium is due to the

presence

of

receptors on the endothelial cell surface; at the site of injury or

inflammation, the vascular endothelium becomes sticky allowing the

neutrophil to adhere to the altered endothelium by
interaction with selectin molecules
adhere to each other
and there is

some

on

forming clumps,

endothelial cells.

as

well

evidence that this may

as to

reversible

They also

C3bi-coated cells

be due to

change in avidity of Mac-1 (Buyon et al., 1988).
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a

a

transient

The

neutrophil stops moving and the adhesion is the result of the

of sticky glycoproteins such as Mol (CD lib), a leukocyte-

presence

restricted

integrin receptor LFA-1

(leukocyte function-associated

only on leukocytes, Mac-1 (CD lib/CD 18)
(Anderson et al., 1986; Wallis et al., 1986) and pl50,95, which are all
members of the integrin family.
These are also called leukocyte
antigen,

CD 11a)

or

integrins because their expression is limited to white blood cells and
mediate the

neutrophil/monocyte adhesion to vascular endothelium
These proteins

(Kishimoto et al., 1989).

are

also involved in the

phagocytosis of complement-opsonized particles.
cells

have, for

a very

The endothelial

long time, been considered only

as a

passive

wall; it is only recently that they have shown to be active cells.
Indeed, while the neutrophils express their receptors and adhesive

proteins

their

on

surface,

the

endothelial cells release

products to enhance PMN adhesion, such
express

several

IL-1 and TNF and also

as

increased levels of adhesive proteins (see below). In addition,

the intercellular

junctions between endothelial cells

Different substances act

as

are

loosened.

regulators of the neutrophil/endothelial

cell adhesion,

including IL-1, y-interferon (y-IFN), GM-CSF and TNF,

resulting in

strong induction of ICAM-1 in a wide variety of tissues

a

(Springer et al., 1987; Kishimoto et al., 1989). The production of IL-1
and TNF
which

by micro-organisms is amplified by released endotoxins

trigger the macrophages to produce TNF and IL-1.

including

agents,
adhesion

endotoxin,

stimulate
However,

observed where endothelial cells generate
as

upregulation

of the

proteins ICAM-1 and ELAM-1 by endothelial cells, thus

promoting neutrophil adhesion.
such

an

These

adenosine

a

down-regulation is also

anti-adhesive substances

(Cronstein et al., 1986), prostacyclin (Boxer et al.,

1980), 13-hydroxyoctadecadienoic acid (Buchanan et al., 1985) and
nitric

oxide

mechanism

All these

(Kubes et al.,

1991), which constitute

a

protective

against thrombosis.

phenomena work to make the neutrophils first stick to the

endothelium

inflammation.

and,

secondly,

go

through and reach the

Other blood elements such

as

site of

erythrocytes (Pearson et

al., 1979) and platelets (Pearson et al., 1979; Boogaerts et al., 1982;
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Hirafuji & Shinoda, 1991; Del Maschio et al, 1992) may influence
adhesion, showing the tight interaction between the different

PMN

blood cells.

Diapedesis of the neutrophil from the circulation to the tissues is a
active process

which involves the squeezing of these cells through the

blood vessel wall, in between

the endothelial cells and through the

basement membrane.

For this purpose,

about

endothelial

between

1pm

endothelial cell
is

cells,

gaps

disturbing

without

of

the

layer. Thanks to its lobulated nucleus, the neutrophil

flexible, which greatly facilites its

very

passage

through these

Another phenomenom recently shown to contribute to this is

pores.
that

neutrophils create

neutrophils

release

enzymes

such

as

collagenase.

This

collagenase destroys the endothelial barrier allowing the neutrophils
to

actively migrate from the bloodstream into the tissues (Morel et al.,

1992).
Site of inflammation

Phagocytosis
At the site of

other

inflammation, neutrophils ingest micro-organisms or

particles; they

killing of a large
and
is

are

array

adapted for the ingestion and intracellular

of different bacteria, yeasts, fungi, mycoplasms

perhaps also viruses.

opsonized.

This

can

Prior to ingestion, the invading pathogen

be done by two mechanisms: by

a

specific

antibody for example immunoglobulin G (IgG) which recognizes and
binds to the
and

organisms specifically through the variable region (Fab),

by the C3b fragment of complement which has

hydrophobic site.
proteins

(opsonins),

neutrophils.
constant

Once the invading particles

they

Neutrophils

are

ready

possess

for

an evanescent

coated with

are

phagocytosis

by

the

three types of receptor for the

region (FC) of IgG: FCyRI (high affinity) and two of lower

affinity, FCyRII and FCyRIII (also called CD 16),

as

well

as

C3b/iC3b

receptors.

Here

again, actin is involved; actin-rich lamellipod flows around the

quarry,
within

its extensions fuse, and the particle
a

or

microbe is engulfed

phagosomal chamber into which granules
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are

discharged.

Neutrophils, then form long sticky projections (pseudopods) that
the

facilitate

engulfment

of

organisms.

invading

the

These

pseudopods fit exactly to the opsonised particles via the receptors,
surrounding it with two of them. These fuse together to form a closed

phagosomal chamber

the

membrane,

into

which

granules

are

discharged, in order to destroy the invading organism. The pH of the
chamber

becomes

acid

which

optimises the action of the acid

The content of the granules released in the phagosome,

peptidases.

together with the products from the respiratory burst, act to kill
ingested micoorganisms. Destruction of the surrounding tissues
occur

if the

content

of the

phagosomal chamber leaks from the

neutrophil to extracellular fluid.
injury and
may

may

This

can cause

ingest each other in infected

of

formation

area,

pseudopods,

and die from congestion;

essential

neutrophils, is part of the locomotion
the

same

elements that allow the

to

the

tissues.

phagocytosis
whole

cell

for

process

granule

as pus

the

a

formation.

action

of the

and requires exactly

neutrophils to

Chemotaxis,

move

enzyme

from the blood
release,

and

all forms of movement, either translocation of the

are

of intracellular

or

important tissue

be detrimental for the host. In addition, neutrophils

phenomenon which, macroscopically, is manifested
The

may

organelles.

At the

time

same

as

phagocytosis, neutrophils discharge their granules by exocytosis.
Exocytosis
Threee types

of neutrophil granules have been described:

-Azurophilic,

or

granulopoiesis

and

primary
contain

granules

are

synthesized

myeloperoxidase,

neutral

during
proteases

(elastase (cationic metalloprotein enzyme), cathepsin G, cathepsin D),
acid

hydrolases (p-glucuronidase, acid phosphatase, a-mannosidase,

N-acetylglucosaminidase), cationic proteins and
antimicrobial

a

large number of

peptides called defensins (Boxer & Smolen, 1988).

Azurophilic granule proteins
play

a

significant

role

in

possess

tissue

microbicidal activity and also
destruction

observed

during

inflammatory reactions.
-Specific

or

secondary

granulopoiesis.

granules

are

synthesized

later

during

The proteins packaged in these granules include
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lysozyme, collagenase, vitamin B12-binding protein and lactoferrin.
The secretion of these

granules is essential to immobilizing invading

pathogen since they contain activators of the complement cascade
that

C5a and the opsonin C3b.

generates

chemotaxins for monocytes

and

some

They also contain

components of the electron

transport chain utilized in the respiratory burst.
-A

tertiary granule has also been described termed the secretory

vesicle.

They

response to

to be the first to release their contents in

seem

Even though this last population of

chemotactic agents.

granules is not well characterised, they have been shown to
gelatinase,
enzyme

a

collagenase of the metalloproteases family, which is

able to destroy the extracellular matrix.

activated

possess

These

an

enzymes are

by the products of the respiratory burst, enabling them to

damage the extracellular membrane, allowing the neutrophils to
through the basal vascular membrane.
also leads to the destruction of the
be

can

down-regulated

by

(serpins,

plasminogen-activator inhibitor)
inhibit the action of the
there is
of the

an

neighbouring tissues. This event

such

a 1-proteinase

e.g.

However, this phenomenom

endothelial

fibroblasts which secrete agents

go

as

cells,

and

monocytes

serine proteinase inhibitiors

inhibitor,

al-antichymotrypsin,

and a2 macroglobulin acting to

metalloproteases.

imbalance between these two

Inflammation

occurs

if

functions, and if the action

metalloproteases becomes dominant (Morel et al, 1991).

Respiratory burst
The

stimulation

of

neutrophils also induces the

powerful oxidising agents, the
process

known

consumption

of

phenomenom

was

(Karnovsky, 1962).
membrane-bound

the

as

oxygen

precursors

respiratory
can

being generated by

burst

increase

production of

up

during
to

which

50-fold.

a

the
This

first described in 1933 by Baldrige and Aldo

The

enzyme

responsible for 02~ production is

flavoprotein oxidase which utilizes NADPH

electron donor and is

helped by cytochrome bsss:

402 + 2NADPH
202" + 2H+

->

->

402- + 2NADP+ + 2H+

H202 +02
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a
as

The NADPH consumed to

produce O2" and by the H2O2 detoxifying

time from glucose through the
monophosphate shunt (Stachelin et al., 1957; Sbarra &

system, is regenerated at the same
hexose

The superoxide anion, the hydroxyl radicals and

Karnovsky, 1959).

hypochlorite (from the myeloperoxidase-oxidation of halides by

the

H2O2) (Weiss, 1989) resulting from the respiratory burst are among
the main agents
As mentioned

the

used by the neutrophil for killing micro-organisms.

previously, the granule proteins act synergistically with

oxidising agents in the killing of invading pathogens.

The

metabolites described

oxygen

damage

in various pathological

are

also implicated in tissue

conditions

such

as

myocardial

reperfusion injury and immune complex diseases. It has been shown
that the alteration of

IgG molecules by the superoxide generated by

activated

causes

neutrophils

damaged IgG
and may

of the

can

also act

the IgG to aggregate; the aggregates of

themselves stimulate further superoxide production
as

autoantigens. Thus, the inappropriate activation

neutrophil's respiratory burst could be the basis of (or at least

contribute

to) self-perpetuating tissue damage such

as

is

seen

in

rheumatoid arthritis.

Role of the

Both

prostaglandins in the neutrophil

superoxide

and

prostaglandins

mediators of inflammation
that PMNs
surface.

have

(Babior, 1978).

been

implicated

Hubscher (1977) found

produce PGs and identified EP receptors present

In

as

1980, PGD2, PGEi, PGE2 and PGI2

were

on

their

found to inhibit

degranulation measured by p-glucuronidase and lysozyme release
from

human

neutrophils stimulated by FMLP in absence of

phosphodiesterase inhibitors.

PGD2

was

any

also found to inhibit the

respiratory burst in FMLP and PMA-stimulated human neutrophils
(Sedwick et al., 1985).
and

Wong and Freund showed that isoprenaline

prostaglandins of the E series inhibit the respiratory burst in

FMLP-stimulated

1983)

as

1983).
stimulus

well

as

neutrophils (Wong & Freund, 1980; Ham et al.,
15(S)-15-methyl-PGEi and PGI2 (Fantone & Kinnes,

The effect of prostaglandins

may

vary

according to the

(Harvath 85 Anderson, 1979; Weissman, 1982; Fantone et

al., 1984).

The three following compounds: prostacyclin,
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a

stable

product of prostacyclin degradation (6-keto-PGFia) and the synthetic

prostacyclin analogue, iloprost (Gryglewski et al., 1987; Hecker et al.,
1989),

were not

found to inhibit the respiratory burst.

Signal-transduction pathways
Most

neutrophil functions

are

controlled by

a

subtle and modifiable

such as
cyclic AMP (cAMP), inositol 1,4,5-trisphosphate (IP3), diacylglycerol
(DAG) and Ca2+. Most of these agents activate certain functions while
inhibiting others.
They work together resulting in a complex
system, involving several proteins and second messengers,

The excitationappears to vary according to the
on the signal transduction pathway

regulation of the neutrophil and its functions.
response

coupling

stimulus;

we

implicated

sequence

will concentrate

in

the

actions

neutrophils, only giving

a

of PGs

in

FMLP-stimulated

human

general view of the other modes of

signalling implicated in the neutrophil regulation.
In the late

1950s, Sutherland and his coworkers termed cyclic AMP

(cAMP)

"second

a

sequences
tissues

and

messenger"

intermediate

the

biochemical

a

variety of cells and

The second

messenger concept

leading to secretion, after studying

(Sutherland & Rail, 1958).

in

cyclic nucleotide signalling in living cells is

regulatory pathways (Sutherland, 1972).

common to many

Cycilc AMP is synthesised

by adenylate cyclase and degraded by cAMP phosphodiesterase, both
of which
a

are

found in PMNs

second messenger

(Bourne et al., 1971). A role for cAMP

as

in the signal-transduction pathway stimulated

was

1974).

It has been suggested, that agents that increase cAMP levels

inhibit

suggested

certain

generation,

as

early

1972 (Bourne et al., 1972; Kuehl,

by PGs

neutrophil

as

functions,

antibody-dependent

such

chemotaxis,

as

cytotoxicity

and

O2"

exocytosis.

Pharmacological levels of PGs inhibit superoxide anion production in
FMLP-stimulated

neutrophils in the

(Smolen et al., 1982) by
increase in cAMP

substantiated

an

presence

of cytochalasin B

action suggested to be dependent

on

the

production (Weissmann et al., 1980). Other studies

this;

Sedgwick and collaborators (Sedgwick et al.,

1985) showed that PGE2, PGEi and PGD2 inhibited superoxide

generated

by

FMLP-stimulated

neutrophil
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in

a

dose-dependent

manner;

levels

a

link between this inhibition and the increase in cAMP
also established.

was

electron scavengers;

They also demonstrated that PGs

are not

showing that the inhibition of superoxide anion

measured is real and not

a

result of PGs

taking the electron from

oxygen.

Cytochalasin B
Cytochalasin B is

fungal metabolite which

a

was

to affect a number of functions of various cells.

found

with

interfere

to

the

cytochalasin B

microfilaments
from

1

10

to

were

Cytochalasin B

was

assembly and gelation of actin in

macrophages (Hartwig & Stossel,
actions of

found (Carter, 1967)

1976).

As early

as

1971, the

thought to be through the inhibition of

(Wessels, 1971).

Cytochalasin B in concentrations

mmol/1 has been shown to interfere with the motor

apparatus of the cell, leading to the inhibition of phagocytosis and of

locomotion, while enhancing granule release (Zurier et al., 1974).
This

phenomenom is essentially

useful

as a mean

external

of

stimuli.

examining

an

some

Therefore, since

in vitro artefact, but it is

aspects of the cell's response to

1973 (Goldstein et al.,

cytochalasin B has commonly been used in
secretion

and

respiratory burst.

Cronstein and coworkers

any

1973),

experiments studying

Recent studies carried out by

(1990), showed cytochalasin B to totally

inhibit the association of bound

FMLP-receptors to the cytoskeleton,

switching off the natural down-regulation of FMLP.
continued stimulation of the cell
and

very

study of the different cell's

This leads to

by FMLP, helping the measurement

responses to

activation.

Adenosine
Adenosine has

a

wide range

of inhibitory effects

on

the production of

inflammatory mediators by neutrophils and others cell types involved
in the defence of the

selective adenosine
adenosine

A2a

organism.

It has been shown that the

non¬

A1/2 receptor agonist NECA, through activation of

receptors,

inhibits

the

generation

of superoxide

generation by activated human neutrophils (Cronstein et al., 1985;
Iannone et
Gurden et

al., 1985; Roberts et al., 1985; Cronstein et al., 1986;

al., 1993).
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A first classification of adenosine

Calker and coworkers

receptors was published by Van

(Van Calker et al., 1979). To date, four types of

and A3, have been
expressed (Daly et al., 1983; Bruns et al., 1986; Pierce et

receptor have been described: Ai, A2a and A2b
cloned and

al., 1992; Collis 85 Hourani, 1993) and
been

suggested

studies

after

additional receptor A4, has

an

pharmacological

and

electrophysiological

(Tucker 8s Linden, 1993).

IBMX

The non-selective

phosphodiesterase inhibitor, IBMX is known to also

act as an adenosine

In order to determine if the

receptor antagonist.

effects observed with IBMX

were

due to its action

on

the adenosine

receptor, we used adenosine deaminase (ADA) in order to eliminate
any
The

adenosine which might be present in
signal-response

sequence

preparations.

our

following

exposure

to

adenosine

receptor agonists has been the subject of a number of studies, and no

satisfying conclusion has been drawn. Cyclic AMP

was

suggested

as

in the action of adenosine leading to the

being the second

messenger

inhibition of O2"

production (Van calker et al., 1979; Londos et al.,

1980; Daly et al., 1981; Iannone et al., 1985).
that NECA,

It also been shown

through elevation of cAMP levels, enhances neutrophil

phagocytosis via A2 receptors (Zalavary et al., 1994).
One main aim of the present

that

study

cyclic AMP is the second

adenosine of the activation of

agonists:

NECA,

a

was to

evaluate the hypothesis

messenger

mediating inhibition by

neutrophils.

potent non-selective

We used two adenosine

A1/2 adenosine receptor

agonist (Bruns et al., 1986) and the novel A2 adenosine receptor
agonist He-NECA (Monopoli et al., 1994).

For this

purpose,

the

modulatory effects of the adenylate cyclase inhibitor 9-(tetrahydro-2-

furyl-adenine) SQ 22,563 (lOOpM) (Harris et al., 1979), the protein
kinase

A-cyclic AMP dependent inhibitor H-89

selective

and the

phosphodiesterase type IV inhibitor rolipram (lnM-lpM)

have been assessed.

We have

investigated the modulatory role of

endogenous adenosine using (ADA) to
al.,

(lOpM)

1984),

and

the

non-selective

remove

A1/A2

adenosine (Cronstein et
antagonist,

8-phenyl-

theophylline (8-PT) (lOpM), to block the effects of released adenosine
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(see Collis & Hourani, 1993).
mechanism of action of
the

analogues of adenosine

study on the
comparison with

our

as a

signal-transduction pathway for the prostagladins of the E series.

Neutrophils play
the

important role in inflammation which includes

an

both the removal of
as

We will present

microorganisms, aged and damaged cells,

well

as

generation of inflammatory agents (chemotactic peptides,

leukotrienes,

cytokines,

and other lipid

neutrophils mediate tissue injury.
the causative agent

mediators).

Moreover,

Under normal conditions, when

has been removed and chemotactic factors

are no

longer produced, neutrophil (and macrophage) invasion stops and
tissue
not

repair

stop,

However, when neutrophil infiltration does

commences.

in chronically inflamed

as

permanently damaged.
is then necessary

an

and prostaglandins

seem to

For this purpose,

of

an over

vigorous

or

neutrophil activation and

inappropriate

ones or at

response.

an

prostaglandins is

understanding of the

necessary.

chapter is divided into two parts; the first part consists of

characterisation

inhibition of
second part
in

The idea would be to

the characterisation of the EP receptors involved in

mechanism of action of the

This

present an interesting

neutrophil while inhibiting the damaging

dampen down

inhibition

be

analogue able to selectively activate the essential

functions of the
least to

may

Therapeutic amelioration of these reactions

profile to regulate the neutrophil functions.
synthesize

the tissues

areas,

this

of

the

EP

receptor

subtype(s)

involved

in

superoxide anion generation produced by PGE2.

studies the hypothesis that cAMP is

a

second

the
The

messenger

system and compares results with the pathway used by

adenosine

analogues.
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2.3-METHODS

(The extraction and the measurement of superoxide anion generation
are

summarised in

a

simplified flow diagram 2.1)

2.3.1-Isolation of human
Venous

1-

blood

neutrophils:

was

taken

from

the

of

forearm

healthy

volunteers, and anti-coagulated with lOu heparin per ml of blood,
mixed with

an

equal volume of 3% dextran in 0.9% w/v saline and

left to stand for 45 minutes.

The

2at

leukocyte-rich plasma

280g, for 10 minutes, at

pellet

resuspended

in

discontinuous Percoll
ml 81 %

55%

then removed and centrifuged

was

room temperature,

Percoll

and

and the resultant

layered

gradient (3ml 70% Percoll layered

of

top

on

on top

a

of 5

Percoll).
then

3-

The tubes

room

temperature, to separate neutrophils from PMNs.

4-

After the

were

centrifuged at 450g, for 30 minutes, at

centrifugation, the PMNs (lower layer)

and washed twice with Hanks' buffer

minutes, at

room

were

removed

by centrifugation at 320g, for 5

temperature, discarding the supernatant after each

spin.
Red

5re

cells

remaining in the neutrophil pellet

were

lysed by

suspending the pellet in 10 ml ice cold 0.2% w/v NaCl solution for

20

seconds, after which 10 ml of ice cold 1.6% w/v NaCl

was

added

to return the cells to isotonic conditions.

6-

The cells

were

blue exclusion: 100

counted and their

viability checked by trypan

pi of the cells suspension

were

added to 400 pi of

trypan blue and were counted under microscope X40 in an improved
Neubauer Chamber.

7-

of 1.5
room

Finally the resultant pellet
x

106 cells per

was

resuspended at

ml in PBS containing

temperature.
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a

concentration

Ca2+/Mg2+,

and kept at

This

8-

preparation of PMNs contained >98% neutrophils and

considered indicative of

a

2.3.2-Measurement of

superoxide anion production:

Superoxide generation
of

the

ferricytochrome

neutrophil-rich preparation.

was

of

reduction

was

assayed by spectrophotometric evaluation

ferricytochrome

C

(A550nm).

Horse

heart

has been shown to be reduced by O2' in 1969, by

c

McCord and Fridovich, and its spectrum was

studied in 1959, by

Margoliash 85 Frohwirt.

(The method is summarised in Table 2.1)
Evaluation of O2"
a

generation

be achieved by the measurement of

can

simple colour change reaction. This reaction is the superoxide

dismutase inhibitable reduction of

Fe2+) in

modification of the method of Babior et al. (1973).

a

protocol is based
1-

cytochrome C (reduction of Fe3+ to

The cells

on a

were

This

method by Gryglewski, et al. (1987).

resuspended at

a

concentration of 1.5

x

106

cells/ml in PBS containing Ca2+ and Mg2+, cytochrome C (2.5 mg/ml)
and

cytochalasin B (5 pg/ml) (used to enhance the amount of

superoxide anion released during the reaction).
2-

Control

tubes

sample tubes SOD
3-

Cells

90

was

(900 pi)

u/ml superoxide dismutase (SOD).

In

replaced with PBS.

were

incubated with PBS

or

inhibitory agent in

a

gently shaking water bath for 10 minutes at 37°C. When antagonists
were

studied, they

addition

of

EP

were

incubated for 10 minutes prior to the

agonists

the

or

adenosine

mimetic

5'-N-

ethylcarboxamido-adenosine (NECA).
4-

After this incubation, 150

left for

a

pi of FMLP (100 nM)

further 10 minutes incubation at 37°C.
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was

added and

The reaction

55

min and

the

terminated by immersing the

was

samples centrifuged at 320

tubes in ice for

4°C, for 5 min, to

g,

sediment the cells.

4-

The absorbance of the supernatants was

measured using

Cary spectrophotometer, the first two tubes "zero", containing
FMLP but SOD

and buffer, were the blank used to

a

no

calibrate the

spectrophotometer.
5-

Each

sample

performed in duplicate and the values

was

averaged.
2.3.3-Data

analysis:

The amount of
per

10 min)

superoxide anion produced (nmol

was

dE

1

106

x

Qxd

dE

=

x

106 neutrophils

calculated using the following equation:

——

L=1.5

per

10^

cells per

ml

=

X

l

concentration of human neutrophils.

(absorbance of samples without SOD)-(absorbance of

samples with SOD).
Q
d

coefficient of molar extinction 21.1

=
=

thickness of cuvette

Effects of the various

drugs

=

1

on

x

10^ M'^cm"!

cm.

O2" generation

were

expressed

as

percentage inhibition of the response produced by a submaximally
effective

concentration

calculated

of

FMLP

(100 nM ).

EC50 values

were

(concentration of agonist required to produce 50% of the

maximal

effect

presence

and absence of antagonists using the Apple Macintosh

program

of

PGE2) for all the EP-receptor agonists, in the

'Kaleidagraph'.

graph-drawing

program

Kaleidagraph is not
and

so

uses

observed to determine the EC50 value.
run

in each

neutrophil preparation,

so

a

graph-fitting but

a

the experimental maximum
A control

curve

for PGE2

was

that the EC50 values for other

agonists could be determined relative to the maximum effect and
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potency

achieved

concentration

by PGE2.
From EC50 values, equieffective
ratios (EECs) were calculated relative to the standard

agonist, PGE2 (EEC=1).
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2.4-RESULTS: EFFECTS OF EP-RECEPTOR AGONISTS

2.4.1-Inhibition of
FMLP

Superoxide Generation by PGE2

(100 nM) in the

of cytochalasin B (5 pg/ml), induced

presence

submaximal release of O2" of 16.2 ± 8.5

maximal effect induced

±

106 cells

per

10 min

by 300 nM FMLP, n=5 (Figure 2.1).

(0.001-10pM) produced

FMLP induced O2"
nM

per

This concentration of FMLP achieved 91.9 ± 6.0% of the

(n=5).

PGE2

pmol

a

a

concentration-related inhibition of

production when stimulated by 30, 100 and 300

FMLP, giving respective maximum of inhibition at 10 pM of 53.65

5.01%, 41.52 ± 4.23% and 27.58 ± 3.72% (n=5) (Figure 2.2a).

A ten minute
was

selected

workers.

pre-incubation with PGE2 prior to the addition of FMLP
to

be

consistent

with

none

10 minutes

PGE2

and 0.11 ± 0.06 pM respectively

(Figure 2.2b).

(0.001-10 pM) produced

concentration-related inhibition of

a

generation (Figure 2.3), achieving

of 60.57 ± 1.94% inhibition at
03

ECsos

of which varied significantly (p>0.05, Anova) from that at

FMLP induced O2"

0.

published by other

Pre-incubation times of 0, 15 and 30 minutes gave

for PGE2 of 0.15 ± 0.07, 0.17 ± 0.07

(n=4),

studies

a

concentration of 10

a

maximal effect

pM (EC50=0.15 ±

The maximal degree of inhibition

pM, n=77).

was

variable

ranging from 36-84%.
2.4.2-Inhibition

of

superoxide

generation

by

selective

EP

curve

for PGE2

was

agonists:
As

explained above,

a

concentration-response

performed in each experiment.
concentration-effect

Butaprost

curve

was a poor

for the EP

agonist tested and PGE2.

inhibitor of O2" generation, giving

inhibition of 13.9 ± 4.3% at 10

AH 13205 inhibited O2"
32.1 ± 3.4% at 10

Each graph represents the paired

a

maximum

pM (ECso>10 pM, n=16) (Figure 2.4a).

generation, giving

a

maximum inhibition of

pM (EC50 of 10.0 pM, n=8) (Figure 2.4b).
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Misoprostol inhibited O2" generation to a greater extent than PGE2,
giving

a

maximal inhibition of 95.5 ± 2.9% at 10 pM.

misoprostol

less potent than PGE2 (EC50

was

=

However,
0.35 ±0.1 pM, n=4)

(Figure 2.4c).

11-deoxy

inhibited

PGEi

giving a maximum
pM (EC50 of 0.5 ± 0.2 pM, n=6)

generation,

O2"

inhibition of 52.19 ± 5.66% at 10

(Figure 2.4d).
Sulprostone inhibited O2" generation, giving a maximum inhibition of
15.3 ± 3.4% at 10

pM (EC25

GR 63799X inhibited O2"
61.03 ± 11.1% at 10

=

17.7 ± 10.8 pM, n=6) (Figure 2.5a).

generation, giving

a

maximum inhibition of

pM (EC50 of 2.09 ± 1.9 pM, n=4) (Figure 2.5b).

17-phenyl PGE2 inhibited O2" generation, giving
inhibition of 26.66 ± 6.35% at 10

a

maximum of

pM (EC50 of 16.9 ± 8.4 pM, n=5)

(Figure 2.5c).
Cicaprost inhibited O2" generation, giving
21.75 ± 4.92% at 10

2.4.3-Effect

a

maximum inhibition of

pM (EC50 >10 pM, n=3) (Figure 2.5d).

of the

cyclooxygenase inhibitor indomethacin (3

pM):
The

cyclo-oxygenase

inhibitor

indomethacin

(3

pM)

did

not

significantly (p>0.05, Anova) affect inhibition of O2" generation by
PGE2, butaprost or AH 13205 (n=4, Figure 2.6):
-PGE2 (lOpM) gave a
±

maximum inhibition of 65.03 ± 5.6% and 69.18

4.4% in the absence and in presence

-Butaprost (lOpM)
and in presence
-AH

13205

gave

of indomethacin, respectively.

24.85 ± 6.5% and 20.15+ 4.1% % in absence

of indomethacin, respectively.

(lOpM)

gave

absence and in presence

31.46 ± 4.82% and 30.66 ± 2.7% % in

of indomethacin, respectively.

2.4.4-Effect of BSA 4%:
The presence

of BSA (4%) in the incubating buffer

to determine the best

experimental conditions.
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was

tested in order

The presence

of 4% of BSA in the incubating buffer did significantly

(p<0.05, Anova) shifted the concentration-effect curve for PGE2 to the
left
±

giving

maximum inhibition of 75.44 ± 6.18% compared to 45.11
PGE2 without BSA (4%), giving respective EC50S of 0.14 ±

a

1.99% for

pM and 0.25 ± 0.094 pM (n=4, Figure 2.7a).

0.011

The

for

same

profile

butaprost giving

presence

observed

was
a

curve

maximum inhibition at 10 pM of 10.42% in

n=2) (Figure 2.7b).

The concentration-effect
a

the concentration-response

of 4% BSA and 0.34% without BSA (4%) (EC50S >10.0 pM for

both curves,

with

on

curve

for AH 13205 showed the

maximum of inhibition of 7.41% in the presence

and of 14.29% without

same

effect

of BSA (4%)

BSA(4%), (EC50S >10.0 pM for both

curves,

n=2) (Figure 2.7c).

2.4.5-Butaprost and AH 13205
Butaprost and AH 13205
and

so

effect

were

13205

curve

for PGE2

curve

butaprost
AH

tested for

or

as

were very

partial agonists?
weak inhibitors of O2" generation,

partial agonist activity.

was

determined in the presence

0.004

and absence of

AH 13205 (10 pM, 10 minutes). Butaprost (10 pM) and

(10 pM) significantly (p<0.05, Anova) shifted the PGE2-

to the

left, increasing the maximum inhibition to 82.1 ± 5.71%

and 81.57 ± 2.73% from 86.42 ± 5.23%

PGE2

The concentration-

respectively, at 10 pM of

(Figure 2.8), and reducing the EC50 values to 0.011 ± 0.007 and
±

0.003

pM, respectively from 0.085 ± 0.03 pM for PGE2.

However, butaprost and AH
inhibition of O2-

13205 used at

10

pM induced

an

generation of 15.16 ± 4.6% and 39.9 ± 7.48%,

respectively (n=4, Figure 2.8).
2.4.6-Effect of selective

a)-AH 23848B (10 fiM)
No
AH

inhibitory effect

prostanoid receptor antagonists

versus

was

PGE2 and butaprost:

observed with the EP4 receptor antagonist,

23848B

(10 pM, 10 min) increasing the FMLP-stimulated O2"
generation from 13.9 ± 1.4 to 16.0 ± 1.7 nmol O2" per 10 minutes per
106 cells

(n=5).
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The EP4 receptor
non

antagonist, AH 23848B (10 pM, 2 min) induced

a

significant (p=0.15, Anova) reduction of the maximum inhibition
± 8.6% from 74.2 ± 4.6%

to 56.1

(ECsos <0.1 pM and 0.13 ± 0.016

pM, for PGE2, n=5) (Figure 2.9a).
AH 23848

(10 pM, 10 minutes) caused

Anova)

p=0.25,

reduction

in

the

23848, and
at 0.1

an

significant (p>0.05,

maximum

generation produced by PGE2, giving
47.95 ± 1.57% at 10

a non

a

inhibition

of

O2"

maximum of inhibition of

pM PGE2 compared to 64.80 ± 4.54% without AH

inhibition of 44.44 ± 2.35% compared to 33.65 ± 7.0%

pM PGE2 (ECsos <0.1 pM and 0.13 ± 0.019 pM respectively,

n=ll).

However,

a

potentiation of the inhibitory effect of PGE2 at the

lower concentrations

(Figure 2.9c) such

as

of PGE2 tested

(0.001-0.1 pM)

was

observed

AH 23848B (10 pM, 30 minutes) induced

a

significant potentiation (p=0.014, Anova) of the concentration-effect
curve

for

PGE2

giving ECsos

<0.001

pM

and 0.16

±

0.0

pM,

respectively (n=3, Figure 2.9d).
An

even

greater potentiation of inhibition of O2" generation induced

by butaprost (0.1-10 pM)

was

38.98 ± 8.45% in presence
AH 23848B

respectively, n=6) (Figure 2.9c).

b)-AH6809 (10 juM, 10 min)
on

of AH 23848B and 4.12 ± 2.3% without

(ECsos of <0.1 pM with AH23848B and 0.60 ± 0.20pM

without AH23848B,

AH6809

found, giving maximum inhibition of

its

own

versus

at 1 and 10

PGE2 and butaprost:

pM, significantly (p=0.004 and 0.02,

respectively) increased O2" release induced by FMLP from 13.3 ± 2.4
to

15.9 ± 2.5 and 17.0 ± 2.0 nmol O2" per

10 minutes

per

106 cells,

respectively (n=4).
The

EPi/DP-receptor

antagonist,

AH6809

(10

pM,

10

min),

significantly (p<0.05, Anova) antagonised the inhibitory effects of
PGE2 (Figure 2.10a)

giving

a

maximum of inhibition of 20.11 ± 4.1%

in presence
From EC50

of AH 6809 and 62.57 ± 5.27% in absence of PGE2 (n=7).
values, a pA2 of 6.04 was calculated for AH 6809.
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No effect of AH 6809

observed

was

on

the

bar-graphs of butaprost

giving ECsos 0.31 ± 0.17 pM with AH 6809 and 0.5 ± 0.3 pM,

respectively (n=5) (Figure 2.10b).
c)-BW A868C (10 juM, 10 min):
The

DP

receptor

antagonist, BW A868C,

induced

a

significant

(p=0.017, Anova) potentiation of the inhibition of O2" generation

produced by PGE2, giving EC50S of 0.26 ± 0.043 pM for PGE2 and <0.1
pM in

of BW A868C, respectively (n=7, Figure 2.11).

presence

2.5-RESULTS:

ROLE

OF

cAMP

AS

SECOND

A

MESSENGER,

COMPARATIVE STUDIES BETWEEN PGs AND ADENOSINE

2.5.1-Role
activation

of

cyclic

AMP

in

the

of

inhibition

neutrophil

by PGE2:

a)-Effect of different concentrations of IBMX

on

the inhibitory effects of

PGE2:
The

non-specific

phosphodiesterase

concentrations of 0.08 and 2

inhibitor,

IBMX

used

at

pM did not significantly (p=0.69 and

0.57, respectively, Anova) affect the concentration-effect curve for
PGE2.

However, IBMX used at 0.4 pM did significantly shift the PGE2

concentration-effect
values

are

curve(p=0.02,

0.21 ± 0.118

Anova).

The

respective

EC50

pM for 0.4 pM IBMX, 0.08 ± 0.03 pM for 0.08

pM and 0.038 ± 0.00 pM for 2 pMcompared to 0.053 ± 0.00 pM for
PGE2

(n=4, Figure 2.12a).

bj-Effect of IBMX (0.25 mM)
In the presence

for PGE2

were

0.004 ±0.03

agonists

the inhibitory effects of PGE2:

of IBMX (0.25 mM), the concentration-effect

curves

significantly (p<0.05, ANOVA) shifted to the left (EC50

pM, n=13), and the maximum inhibition at 10 pM PGE2

increased to 83.9 ± 5.2%.
response

on

IBMX

(0.25 mM) itself reduced the FMLP

by 54.9 ± 5.0%, and % inhibitions in the
were

calculated from this reduced FMLP

2.12b).
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presence

response

of EP

(Figure

c)-Effect of IBMX (0.25 mM)

the inhibitory effects of other EP

on

agonists:
The selective EP2 receptor
13205

and

butaprost

agonists misoprostol, 11-deoxy PGEi, AH
also

were

effective inhibitors of O2-

more

production by FMLP when the neutrophils

were

pretreated with IBMX

(0.25 mM).
Butaprost inhibited O2" generation, giving
57.1 ± 6.1% at 10

pM (EC50 of 0.4 ± 0.2 pM, n=4) (Figure 2.13a).

AH 13205 inhibited O2"

61.4 ± 6.0% at 10

11-deoxy

maximum inhibition of

a

generation, giving

pM (EC50

0.3 ±0.1 pM, n=4) (Figure 2.13b).

=

inhibited

PGEi

maximum inhibition of

a

generation,

O2"

inhibition of 79.9 ± 9.7% at 10

giving

maximum

a

pM (EC50

=

0.08 ± 0.03 pM, n=4)

Misoprostol inhibited O2" generation, giving

a

maximum inhibition of

(Figure 2.13c).

93.4 ± 3.5% at 10

pM (EC50

GR 50209 inhibited O2"

52.9 ± 19.9% at 10

0.07 ± 0.03 pM, n=4) (Figure 2.13d).

=

generation, giving

pM (EC50

=

17-phenyl

PGE2

inhibited

dj-Effect of IBMX (0.25 mM)
induced

a

a

maximum inhibition of

pM (EC50 >10 pM, n=4) (Figure 2.14b).

on

generation,

O2"

inhibition of 56.8 ± 8.2% at 10

In the presence

maximum inhibition of

4.65 ± 1.81 pM, n=4) (Figure 2.14a).

Sulprostone inhibited O2" generation, giving
31.48 ± 15.76% at 10

a

giving

a

maximum

pM (EC50 >10 pM, n=4) (Figure 2.14c).

the EP4 receptor antagonist AH 23848B:

of IBMX (0.25 mM), AH23848B (10 pM, 30 min)

significant (p<0.05, Anova) potentiation of the inhibitory

effect of PGE2

on

O2"

5.97% without AH

generation, giving maximum inhibition of 90.5 ±
23848B

and 92.03

±

7.97% with AH

23848B

(ECsos of 0.09 ± 0.093 pM and <0.001 pM respectively, n=3) (Figure
2.15).
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ej-Effect of the adenylate cyclase inhibitor SQ 22,536:
The

cyclase inhibitor,

adenylate

mM,

(0.1

22,536

SQ

2

min),

significantly (p=0.02, Anova) reduced PGE2-induced inhibition of O2"
production, giving

an

EC50 in the absence and

of 0.24 ±0.1 and 1.9 ±1.1

presence

of SQ 22536

pM respectively (Figure 2.16).

f)-Effect of the specific type IVphosphodiesterase inhibitor, rolipram:
The

specific

phosphodiesterase

IV

type

inhibitor,

concentrations of 2 and 10 nM, did not have any

Anova) effect

on

FMLP

50

at

significant (p>0.05,

reducing the FMLP effect by 8.8 ±

response,

5.4 % and 29.7 ± 15.1 %

rolipram

respectively, whereas at the concentration of

nM, it significantly (p<0.05) reduced the FMLP response, by 46.6 ±

8.4 %.

Yet

rolipram, at all three concentrations (2, 10 and 50 nM)

shifted the concentration-effect
of 0.06 ± 0.02

curve

for PGE2 leftwards, with EC50S

pM, 0.01 ± 0.0 pM and 0.012 ± 0.006 pM, respectively

(n=4) (Figure 2.17a).
Surprisingly, when the neutrophils
nM,

a

non

were

treated with rolipram at 100

significant (p=0.16, ANOVA)

shift to the right

was

observed, giving respective EC50S of 1.01 ± 0.52 pM and 0.06 ± 0.018
pM, and maximum of inhibition of 54.95 ± 5.48% with rolipram and
76.16 ± 5.35% for PGE2 on its own

(n=6) (Figure 2.17b).

gj-Effect of the phosphodiesterase inhibitor Ro-20-1724:
The
but

phosphodiesterase inhibitor, Ro-20-1724 (10 nM) caused
non

significant

concentration-effect
64.16 ±

(p>0.05,

curve

1.61% in the presence

without Ro-20-1724.

Anova)

of PGE2,

shift

giving

a

to

the

left

a

small

of the

maximum inhibition of

of Ro-20-1724 and 58.81 ± 2.92%

(n=4) (Figure 2.18a).

hj-Effect of the phosphodiesterase inhibitor GI193 600:
The

phosphodiesterase inhibitor, GI 193 600 (10 pM), significantly

(p=0.01, Anova) shifted the concentration-effect

curve

for PGE2 to the

left, giving maximum inhibition of 48.2 ± 15.9% compared to 34.75 ±
1.3% for PGE2 and

reducing the EC50 values from 0.38 ± 0.06 pM for

PGE2 to 0.20 ± 0.19 pM, n=3)

(Figure 2.18b).
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i)-Effect of the protein kinase A inibitor Rp-cAMPS:
The

protein

kinase

A

inhibitor,

pM)

(10

Rp-cAMPS

did

not

significantly (p= 0.37, Anova) affect the concentration-effect curve of
PGE2, giving EC50S of 0.25 ± 0.085 pM with Rp-cAMPS and <0.1 pM
for PGE2,

respectively (n=5, Figure 2.18c).

j)-Effect of the cyclic AMP analogue, 8 bromo cyclic AMP:
The

cyclic AMP analogue, 8 bromo cyclic AMP (1.0-100 pM), did not

give consistent results, inhibition varying from 0 to 21.65%, resulting
in

a

maximum of inhibition of 5.38 ± 2.95%

7.02% for PGE2

2.5.2-Role of

compared to 54.54 ±

(n=8) (Figure 2.18d).

endogenously produced adenosine

a/Removal of endogenous adenosine with the
deaminase
Removal

adenosine

enzyme,

adenosine

(ADA, 1.0 u/ml):

of

deaminase

enzyme,

endogenous adenosine with

(ADA, 1.0 u/ml), caused

a

the

small but significant (p=0.018,

Anova) shift to the left of the concentration-effect

curve

for PGE2

(EC50 of 0.1 ± 0.03 pM compared to 0.33 ± 0.17 pM) and increased
the maximum inhibition to 73.62 ± 4.92% from 64.92 ± 5%

Figure 2.19b).

ADA itself significantly (p<0.05, Anova) increased the

production of O2" by FMLP from 1.0
0.1

x

10"8 mol

(n=12,

x

10'8 ± 0.2

x

10~8 to 1.3

x

10~8 ±

O2V lOmin/ 106 cells (n=6).

bj-Effect oflBMX (0.25mM) and ADA (1.0 u/ml):
The treatment of the

neutrophils with ADA (1.0 u/ml) and IBMX (0.25

mM) significantly (p< 0.05, Anova) shifted the concentration-effect
curve

for PGE2 to the left

0.16 ± 0.069

(EC50S of 0.003 ±0.001 pM compared to

pM for PGE2), and increased the maximum inhibition to

91.5 ± 8.5% from 69.63 ± 9.47%

c)-Removal of

any

(n=4, Figure 2.19c).

effects of endogenous adenosine with the

selective adenosine receptor

non¬

antagonist, 8-phenyl theophylline (8-PT,10

yM and 100 pM):
The

non-selective

adenosine

receptor

antagonist,

8-phenyl

theophylline (8-PT, 100 pM), significantly (p=0.01, Anova) shifted the
concentration-effect

curve

for PGE2 to the left
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(EC50S of 0.11 ± 0.02

pM compared with 0.17 ± 0.06 pM for PGE2), and increased the
maximum inhibition to 77.3 ± 8.2% from 57.4 ± 7.9% for PGE2

(n=8,

Figure 2.20c).
The

same

profile

was

obtained when 8-PT

was

used at 10 pM, giving

a

significant shift to the left (p<0.05, Anova) (EC50S of 0.18 ± 0.044 pM
compared to 0.25 ± 0.047 for PGE2, n=13), and increaseing the
maximum inhibition to 59.21 ± 5.92% from 46.8 ± 4.62% for PGE2

(Figure 2.20a).
In presence

effect PGE2
for PGE2,

of IBMX (0.25 mM),
was

an even

greater potentiation of the

observed (ECsos <0.001 compared to 0.26 ± 0.035 pM

n=4) (Figure 2.20b).

2.5.3-Effect of non-selective A1/A2 adenosine receptor agonist,
NECA and the selective A2 adenosine
on

the

NECA

receptor agonist, He-NECA,

superoxide anion generation:
(0.001-10 pM) produced

FMLP-induced

concentration-related inhibition of

a

superoxide anion generation, producing

effect of 60.55 ± 3.66% inhibition at
0.10 ± 0.04 pM,

He-NECA

concentration of 10

maximal

pM (EC50 of

n=22) (Figure 2.21).

(0.001-10 pM) produced

of FMLP-induced

a

concentration-related inhibition

superoxide anion generation, producing

effect of 58.3 ± 5.99 % inhibition at
0.13 ± 0.11

pM, n=10) (Figure 2.21).

2.5.4-Role

of PG

activation

a

a

antagonists

a

on

a

concentration of 10 pM

maximal
(EC50 of

the inhibition of neutrophil

by adenosine agonist:

a)-AH23848 (10 juM, 10 min):
The EP4 receptor

antagonist AH 23848B (10 pM, lOmin) induced

a

significant (p<0.05, Anova) potentiation of the inhibition of O2"
generation produced by NECA with

a

maximum inhibition of O2"

generation being increased to 61.02 ± 9.12% from 45.63 ± 6.22% for
NECA

(ECsos of 0.01 ± 0.005 pM compared to 0.03 ± 0.011 pM for

NECA, n=4) (Figure 2.22a).
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b)-AH 6809:
The

EPi/DP receptor antagonist, AH 6809 (10 pM, 10 min) induced

a

significant (p<0.05, Anova) shift to the right of the concentrationeffect

curve

0.015

for NECA

pM for NECA

to20.69

±

8.6% at

(EC50S of 8.12 ± 1.88 pM compared to 0.03 ±

n=3), and reduced the maximum inhibition

,

10

pM from 49.90 ± 6.39% for NECA (Figure

2.22b).
2.5.5-Role of cAMP in the inhibition of
adenosine

neutrophil activation by

agonist:

a)-Effect of the specific type IV phosphodiesterase inhibitor, rolipram
(0.1, 1 and 10 nM):

Rolipram alone, at 10 nM inhibited the O2" generation induced by
FMLP

Rolipram at 0.1 nM and InM did not

by 22.4 ± 6.23 %.

significantly affect the O2" generation induced by FMLP inhibiting it
by 1.8 ± 2.35% and 3.35 ± 4.34 %, respectively.
Rolipram (O.lnM) did not significantly (p>0.05, Anova) affect the
concentration-effect

curve

for NECA,

giving

a

maximum of 54.9 ±

11.83%

compared with 49.9 ± 11.4 for NECA alone (n=4) (EC50S of

0.13

0.05

±

pM and 0.23 ± 0.12 pM, respectively, n=4) (Figures

2.23a).

Rolipram

(10

concentration-effect
0.01 ± 0.006

significantly

nM)

(p<0.05,

Anova)

shifted

the

for NECA to the left with EC50 values of

curve

pM compared with 0.09 ± 0.059 pM for NECA alone

(Figure 2.23b).
Rolipram (1 nM and 10 nM) significantly (p<0.05, Anova) shifted the
concentration-effect
for He-NECA alone

curves
was

rolipram (1 and lOnM)

for He-NECA to the left

0.03

was <

±

The EC50 value

0.027pM, and in the

presence

of

O.OOlpM (Figure 2.23c).

b)-Effect of the selective PDE IV inhibitor Ro-20-1724 (1, 10 nM and 50
nM):
The

selective

PDE

IV

inhibitor

Ro-20-1724

at

1

nM

did

not

significantly (p>0.05, Anova) shift to the left of the concentration-

50

effect

curve

11.48%

for

NECA,

giving

maximum inhibition of 55.89 ±

a

compared to 49.94 ± 11.41% for NECA (n=4, Figure 2.24a).

Ro-20-1724 at 10 nM did not

significantly(p>0.05, Anova) shift to the

left of the concentration-effect

curve

for NECA,

giving

a

maximum

inhibition to 63.01 ± 3.09% instead of 61.15 ± 2.96% without Ro-201724

(n=4, Figure 2.24b).

However, Ro-20-1724 at 50 nM significantly (p<0.05, Anova) shifted
the concentration-effect

for NECA to the left, and increased the

curve

maximum inhibition to 76.41

Figure

2.24a).

At

reduced the control

this

±

8.77% from 49.94

concentration

±

11.41%(n=4,

Ro-20-1724

significantly

FMLP-response by 30.4 ± 5.96%

c)-Effect of the adenylate cyclase inhibitor, SQ 22,536:
The

adenylate cyclase inhibitor, SQ 22,536 (0.1 mM, 10 min), did not

significantly

(p>0.05,

Anova)

affect inhibition of O2"

generation

produced by NECA for the concentrations of 0.1 to 10 pM (EC50S
obtained

are

NECA), giving

a

left

of the

concentrations

±

0.026

pM compared to 0.09 ± 0.059 pM for

maximum inhibition of 71.0 ± 5.4% compared to 64.1

for NECA

± 6.6%

the

0.14

.

Similarly, SQ 22,536 did not significantly shift to

concentration-effect

curve

for

NECA

at

the

lower

(n=4, Figure 2.25a).

SQ 22,536 (0.1 mM, 10 min), induced

a

significant (p>0.05, Anova)

potentiation of the inhibition of the O2" generation produced by HeNECA at the concentration of 100 nM, 1
±0.01

pM and 10 pM (EC50S of 0.02

pM compared to 0.30 ± 0.274 pM for He-NECA), increasing the

maximum inhibition to 72.0 ± 3.5% from 56.66 ± 4.4% for He-NECA.

SQ 22,536 (0.1 mM) itself had
the FMLP response,

no

significant (p>0.05, Anova) effect

on

decreasing it by only 5.43 ± 4.78%.

dj-Effect of the selective cAMP-dependent protein kinase A inhibitor H89:

The selective

cAMP-dependent protein kinase A inhibitor H-89 (10

pM) completely ablated the NECA and He-NECA-induced inhibition of

51

production (n=4, Figure 2.26). H-89 (10 pM) itself inhibited the
FMLP-induced superoxide anion release by only 10%.
02"

.
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2.6-DISCUSSION

PGD2 and PGE2
the human

are

known to be potent inhibitors of O2" release in

neutrophil (Gryglewski et al, 1987, Wheeldon & Vardey,

In the present study

1993).

selective EP receptor

have investigated the effects of

we

agonists and prostanoid receptor antagonists

FMLP-induced release of O2", in order to elucidate

on

the subtype of EP

receptor occupied by PGE2 responsible for mediating this effect.

2.6.1-Incubating medium:
In order to work in the best conditions for the cells and to obtain

results

representative of the compounds tested,

concerning the incubating medium for the cells

a

few parameters

studied, such

were

as

indomethacin and BSA added to the medium.

a)-Effect

cyclo-oxygenase

of the

inhibitor,

indomethacin

in

the

did

not

incubating medium:
The

inhibitor,

cyclo-oxygenase

indomethacin

(3

pM)

significantly affect the inhibition of the superoxide anion generation
by PGE2, butaprost

or

AH 13205 showing that if there

endogenous prostaglandins in

our

preparation, they

in sufficient concentration to affect

our

are not

are

any

produced

experiments.

b)-Effect of different concentrations of BSA in the incubating medium:
The second parameter

the

studied- the concentration of BSA present in

incubating medium- did affect

our

(4%) potentiated the effects of PGE2.
with

butaprost.

The

same

Surprisingly, BSA
effect

However, these results showed than

small amount of BSA
the cells to be in
when

results.

was

even

observed

though

a

(0.1%) present in the incubating buffer helps

good condition,

an excess

of BSA should not be used

measuring the production of superoxide anion in human

neutrophils,

as

it affects the

2.6.2-Inhibition of O2

response.

generation in human neutrophils:

aj-Involvement of EP2 receptors?
PGE2

produced

generation.

a

concentration-related

inhibition

of

the

O2"

The EP2 receptor agonists, misoprostol, 11-deoxy PGEi,

butaprost (Gardiner, 1986; Lawrence & Jones, 1992) and AH 13205

53

(Nials et al., 1993), while effective,
PGE2 itself, the latter two

were

found to be less potent than

analogues only producing

effect at the

highest concentration tested (10 pM).

selectivity of

a

significant

a

However, the

compound at 10 pM is questionable, and the EPi

agonist 17-phenyl PGE2

well

as

as

the EP1/EP3 agonist, sulprostone,

also showed weak

inhibitory effects at this concentration suggesting

some

on

crossover

concentrations.

this

to

When the

inhibitory

neutrophils

mM), the concentration-effect

curves

were

receptor

high

at

treated with IBMX (0.25

for all the EP2 receptor agonists

significantly shifted to the left, allowing EEC values of 11.5, 5.3,

were

and

50.7

12.7

to

be

calculated

for

misoprostol,

butaprost and AH 13205, respectively.
relative potency
et

EP

of these agonists

on

This

11-deoxy PGEi,

agrees

well with the

EP2 receptor preparations (Nials

al., 1991; 1993) where respective EECs of 1-4, 2-5, 6-30 and 30-

100 have been

reported.

b)-Involvement ofEP3 receptors?
IBMX treatment did not

significantly affect inhibition by sulprostone

allowing EEC of >700 to be calculated.
agonist at EP3 receptors of the guinea-pig
of 0.15

(Coleman et al.,

Sulprostone is
vas

a potent

deferens, with

an

EEC

1987) but shows weak activity at EP2

receptors of the cat trachea, EEC >7000 (Coleman et al., 1988) or EP4

receptors of the pig saphenous vein, EEC >3000 (Coleman et al.,

Furthermore, misoprostol is also potent agonist at EP3

1994).

receptors, giving an EEC value of 0.2-1.0 on EP3 preparations (Reeves
et

al., 1988; Coleman et al., 1988; Bunce et al., 1990; Lawrence et al.,

1992).
GR

This does not

63799X

was

experiments but
whereas

an

an

agree

not

with the EEC value of 11.5 found here.

studied

EEC of 77

was

presence

of IBMX

found in the

EEC value of 0.1 has been

EP3 preparations (Bunce et

in

presence

these

of IBMX,

reported for this agonist in

al., 1990; Lawrence et al., 1992).

results found here do not agree
in the

in

The

with the involvement of EP3 receptors

preparation studied.

c)-Involvement of EPi receptors?
The

activity of the EPi-receptor agonist,

increased

at

the

highest

concentration
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17-phenyl-co-PGE2
of

10

pM,

when

was

the

neutrophils

were

value of 486 to be
a

treated with IBMX (0.25 mMJ, allowing an EEC
calculated. This compound has been shown to be

potent agonist at EPi receptors (where an EEC of 1 was reported),

(Lawrence et al., 1992).

but not EP2 receptors
been shown to possess

fundus with

an

EPi receptor agonist activity in the guinea-pig

EEC of 2.5

found here for these

Sulprostone has also
The EEC values

(Coleman et al., 1988).

compounds do not support the involvement of

EPi receptors.

dfInvolvement of EP4 receptors?
The EEC for the

only EP4 receptor agonist to date, GR 50209

was

381, compared to an EEC of 1-10 found for preparations containing
EP4 receptors,

pig saphenous vein and dog saphenous vein (Coleman,

communication).

personal

results

The

found

in

the

human

neutrophils do not, therefore, suggest the involvement of
very

should first of all studied before

EP4

However, this compound had

receptor when GR 50209 was used.

previously been observed to give

an

variable results, and its stability

concluding anything

on

the results

obtained.

eflnvolvement of IP receptors?
The

IP-receptor agonist cicaprost (Sturzebecher et al., 1985) had

little

activity in

of 381.

our

preparation, giving

The EEC values

muscle, platelet and
0.05 to 1.2

an

EC50 >10 pM and

an

very

EEC

reported in preparations (vascular smooth

nerve

cells) containing IP-receptors

range

from

(Sturzebecher et al., 1985; Armstrong et al., 1989) These

results do not support

the

of IP receptors

presence

on

the neutrophil

surface.

2.6.3-Butaprost and AH 13205
Since

butaprost

and

as

AH 13205

hypothesis that these compounds
tested.

A

for PGE2
not

partial agonists?
are

were

such
acting

weak
as

agonists,

partial agonists

significant shift to the left of the concentration-effect

was

observed, indicating

an

the
was

curves

additive effect. These results do

support the contention that butaprost and AH 13205 are agonists

with

high affinity and low efficacy, in which

antagonise the effect of PGE2.
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case

they would

2.6.4-Effect of the EP-receptor
O2

antagonists

the inhibition of

on

generation:

a)-AH 23848B:

Investigation of the EP4 receptor of the pig saphenous vein (Milne et
al., 1994) found 11-deoxy PGEi, butaprost and AH 13205 to cause
relaxation with EECs
this in

(PGE2=1) of 2, 42 and 6600 respectively.

With

mind, the effect of the EP4 receptor antagonist AH 23848B was

examined.

AH 23848B

(10 pM)

10 and 30 minutes.

concentration-effect

minutes,

indeed

concentrations

was

tested at different pre-incubation times; 2,

AH 23848B did not

significantly block the PGE2

when it

pre-incubated for 2 and 10

curve

a

was

potentiation

of

(<100 nM) of PGE2

potentiation of the effects of PGE2

effects

the

observed.

was
was

of

the

lower

A significant

also obtained after

a pre¬

incubation of 30 minutes.

In

addition, AH 23848B

also found to potentiate the weak

was

inhibitory action of butaprost. The action of AH 23848B
first led

us

to believe that AH

partial agonist and not

23848B may

antagonist

as an

al., (1994), but this is unlikely

as

potentiation of inhibition

examined in IBMX treated
appears to
23848B

as

observed.

was

as a

on

its

no

inhibitory
It

own.

seems

phosphodiesterase inhibitor

still observed when PGE2

neutrophils.

as a

described by Coleman et

neutrophils

unlikely that AH 23848B is acting

butaprost

have been acting

AH 23848B showed

as

effect at all when incubated with

as

on

was

Furthermore, this effect

be unrelated to the EP4 receptor blocking activity of AH

potentiation of the adenosine mimetic, NECA
Since

AH

thromboxane receptor

23848B

was

originally

was

synthesised

also
as

a

antagonist (Coleman et al., 1990), possible

interactions with the TP receptor

should be investigated.

b)-AH 6809:
The

EPi/DP-receptor antagonist AH 6809 (Keery & Lumley, 1988)

produced

a

significant inhibition of the effects of 1 and 10 pM PGE2

(apparent pA2
EPi-receptors

=

6.04), which is unlikely to be due to

as

an

effect through

both sulprostone and 17-phenyl PGE2
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were

such

of

weak inhibitors

nonspecific effect of this compound,
inhibit the effects of the adenosine

no

effect of AH 6809

was

relate to

may

a

AH 6809 was also found to

as

agonist NECA (apparent pA2=6.82)

suggesting that AH 6809 is not acting
However,

This

superoxide generation.

either EP

on

observed

on

or

DP receptors.

butaprost.

c)-BW A 868C:
The

DP-receptor antagonist BW A868C (Giles et al., 1989) appeared

potentiate the inhibitiory effects of PGE2 at 100 nM, but to

to

antagonise them at the higher concentrations of 1 and 10 pM.
However, it has been shown that PGD2

can

inhibit superoxide anion

generation in human neutrophils (Gryglewski et al., 1987, Wheeldon
86

Vardey, 1993) and PGE2 at these higher concentrations, might be

interacting with DP receptors which therefore explain the results
obtained with BW A868C.

The results

so

far

imply that either EP2

or

involved in PGE2 induced inhibition of O2"

2.6.5-Role

of

cAMP

as

a

second

EP4 receptors

those

are

production.

messenger

mediating the

inhibitory effect of PGE2 in human neutrophils:
Accumulating evidence supports the involvement of cAMP in the
regulation of neutrophil functions by PGs. Prostaglandins of the E
series

are

human

known to activate membrane bound

adenylate cyclase in

neutrophils, and to increase intracellular cyclic AMP levels

(Bourne et al., 1971).

This has been followed by

very

recent studies

where, after having transfected cells with the EP2 subtype receptors
the level of cAMP

was

transfected cells

were

measured and found to be increased when the
treated with PGE2

(An et al., 1993).

It is

possible therefore, that the increase in cyclic AMP induced by PGE2
may

in turn inhibit the release of O2" from human neutrophils.

Indeed,

many

prostaglandins

groups
on

be

shown

increase in

studied

the

effects

to

enzyme

E

series

activate

release (Zurier et al., 1974). PGE2

membrane

adenylate cyclase, but the

cyclic AMP in the whole cell is small, and

in the presence

of

cyclic AMP in human neutrophils with relation to

superoxide and lysosomal
can

have

of

a

can

only be

seen

phosphodiesterase inhibitor to prevent cyclic
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AMP breakdown

that these

various
that

Although it has been proposed

(Lad et al., 1985).

small increases in

cyclic AMP

are

sufficient to inhibit

specific functions in the neutrophil (Lad et al., 1985), the fact

these

observations could

over

minutes

10

a

seen

time

scale

still

hypothesis that cyclic AMP is the second
inhibition of O2"

prostaglandins
sufficient

in the

presence

inhibitor, and that cyclic AMP levels

phosphodiesterase
increased

only be

elicit

an

increase in cyclic AMP is not

proof that cyclic AMP is the second

IBMX is known to act both

non-selective adenosine
shown to inhibit O2"

as a

the

on

mediating

Indeed the demonstration that

generation by PGE2.

can

messenger

a

slowly

doubt

cast

of

messenger

on

its

own

involved.

phosphodiesterase inhibitor and

as a

antagonist, and adenosine has also been

generation (Cronstein et al., 1983; Roberts et al.,

1985; Schrier 85 Imre, 1986) and to increase the levels of intracellular
cAMP in the human

neutrophil (Londos et al., 1980; Daly et al.,

Cronstein showed that the amount of adenosine present in

1981).

the extracellular medium

(0.1 to 0.3 pM)

O2" generation (Cronstein et al.,
human
tested
our

enough to inhibit the

We therefore treated the

neutrophils with ADA (adenosine deaminase) when PGE2
the cells, to remove

on

preparation and

PGE2

1983).

was

we

endogenously produced adenosine from

observed

concentration-effect

endogenous adenosine in

a

curve.

our

significant shift to the left of the
This

showed

the

Indeed, neutrophils

kind

their surface Ai

adenosine

receptors

presence

of

preparation at concentrations which

add to the stimulative response.
of

was

at

possess two

and A2 being

respectively stimulatory and inhibitory of the production of O2".
the

However

receptors Ai present a higher affinity to adenosine

explaining the shift to the left obtained here.
adenosine receptor
and 100

antagonist, 8-phenyl theophylline (8-PT, 10 pM

pM) showed the

that the presence

PGE2 and

The non-selective

same

effect.

These results indicated to

of endogenous adenosine affected

responses

might complicate interpretation of results with

any

us

to

of the

coumponds tested.
An

even

IBMX

greater shift was obtained when when ADA (1 u/ml) and

(0.25 mM)

were

used simultaneously
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on

the concentration-

effect

for PGE2

curve

not result from

showing that the effect observed with IBMX does

adenosine block but its effect

cAMP should still be

on

considered.

In

addition,

the PGE2
second

we

chose to study the adenosine pathway in parallel with

pathway in order to test the hypothesis that cAMP acts
in

messenger

the

inhibition

generation in human neutrophils.
adenosine

Both the

agonist NECA and

receptor

superoxide

the

on

non

the

as a

anion

selective A1/A2

selective A2-receptor

agonist He-NECA inhibit superoxide anion generation in human
neutrophils.
between

an

However,

with PGE2 it does not

as

prove a

increase in cAMP and inhibition of O2"

causal link

production.

a)-Effect of the non-specific phosphodiesterase inhibitor IBMX:
The

treatment

2,

IBMX,

of the

and

0.4

concentration-effect

neutrophils with different concentrations of
0.08

curve

concentration

of

0.25

measurement

of

cAMP

Talpain,
curve

pM
for

from

significantly

not

When

PGE2.

which

mM,

we

human

used

affect

at

a

the

higher

previously used for

neutrophils

the

(Armstrong

85

1994) IBMX significantly shifted the concentration-effect

for PGE2 to the left.

shifted

did

to

Indeed, IBMX (0.25 mM) significantly

the left the concentration-effect

curves

for all the

EP2

agonists tested. These first results suggest that the O2- generation is

suceptible to inhibition by increased cAMP levels.
that the effect of IBMX is

Further evidence

unlikely to result from adenosine receptor

block, is provided by the observation that neither ADA
the concentration-effect

curve

However, further studies

were

for PGE2 in

a

similar

8-PT shift

nor

manner

to IBMX.

carried out with selective type IV PDE

inhibitors, in attempt to elucidate the hypothesis that cAMP is the
second

mediating

messenger

the

inhibition

of

the

neutrophil

activation.

b)-Effect of selective type TV PDE inhibitors:
Effect of rolipram:
Rolipram used at

a

concentration-effect

curve

concentration of 1 and
for NECA to the left.
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10 nM shifted the
However, rolipram

on

its

inhibited the FMLP-response

own

6.23 %

by 24.15 ± 4.34 % and 43.2 ±

respectively and 20.8 ± 6.52 % in the absence of rolipram.

Effect of Ro-20-1 724:
(10 nM) did not significantly alter the inhibitory response

Ro-20-1724

induced

by PGE2, NECA

20-1724

as a

nM

be

can

effect

The

questioned, since both rolipram and IBMX showed

an

the PGE2-concentration-effect curve.

on

a

He-NECA. Therefore, the efficacity of Ro-

phosphodiesterase inhibitor, at the concentration of 10

only effect

giving

or

was

observed when Ro-20-1724

significant shift to the left of the NECA

was

used at 50 nM,

curve,

increasing the

maximum inhibition to 76.41 ± 8.77% from 49.94 ± 11.41% without
Ro-20-1724.
response

this

However,

inhibited

concentration

the

FMLP-

by 30.4 ± 5.96%.

Although, the inhibitory effects of PGE2

were

apparently significantly

potentiated by the phosphodiesterase inhibitors, IBMX and rolipram.
The

phosphodiesterase inhibitors and presumably the resultant

increase in

neutrophil cyclic AMP levels

inhibit the FMLP response

was

in themselves found to

by about 50% with both IBMX (0.25 mM)

and

high concentrations of rolipram (50 nM). This demonstrates that

the

production of O2" by FMLP might be susceptible to inhibition by

increased

cyclic AMP levels but interpretation is complicated because

each inhibition alone reduced the response to

FMLP.

However, the

finding that lower concentrations of rolipram (2 and 10 nM), which do
not

inhibit

inhibition

the

FMLP

by PGE2

response,

suggests

are

still capable of potentiating

that this action results from the

phosphodiesterase block and not the reduction in FMLP stimulus,
supporting

a

causal relationship between elevation of intracellular

cAMP and inhibition of O2"

production.

cj-Effect of the adenylate cylease inhibitor, SQ 22,536:
We

have

shown

that

the

adenylate cyclase inhibitor SQ 22,536

(Harris et al, 1979) significantly antagonised the inhibition of O2"
generation produced by PGE2. This result strongly suggests

a

link between elevation of

it shows

cyclic AMP and O2" production,
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as

causal

that inhibition of the enzyme

cyclase)

(adenylate

responsible for cyclic AMP production

significantly

Unfortunately SQ 22,536 is not

action of PGE2.
effective inhibitor of adenylate

reduces

a very

the

cyclase, and it is not possible to block adenylate cyclase activity

Furthermore, there

completely.

adenylate cylcase, not all

its

at

least eight isoforms of

be sensitive to SQ 22, 536.

may

with both NECA and He-NECA,
the inhibition of the

are

SQ 22,536 induced

a

However,

potentiation of

superoxide anion generation, and SQ 22,536

on

only reduced the FMLP-response by 5.43 ± 4.78%, not

own

indicating the shift to the left observed being due to the effect of SQ
22,536

on

the FMLP-response. These results suggest that theses two

agonists might not be acting through activation of adenylate cyclase.

d)-Effect of the phosphodiesterase inhibitor, GI193 600:
Additional

studies

were

performed using the phosphodiesterase

inhibitor GI 193 600.

We observed

results would support

the previous data obtained, agreeing for

for cAMP
induced

as

a

second messenger

a

shift to the left for PGE2;

these
a

role

in the inhibition of O2" generation

by PGE2.

ej-Effect of the PKA inhibitor, Rp-cAMPS:
Compelling evidence

suggest

that PKA is the major target for

increased cAMP concentration

(Mueller et al., 1992; Ding 85 Baldwey,

1993; Taylor et al., 1990).
the selective
et

Therefore, studies

were

performed using

protein kinase A inhibitors Rp-cAMPS (lOpM) (Musgrave

al., 1993) and H-89 (10pM) (Geilen et al., 1992). Rp-cAMPS did not

significantly affect the PGE2 concentration-response

curve.

However

these results should be considered with caution since recent studies
have

been

shown

Rp-cAMPS

to

inhibit

the

production

of O2"

generation in FMLP-stimulated neutrophils and this effect has been
found to be due to
adenosine in the

the presence

of biologically active amount of

compound (Musgrave et al., 1993).

Therefore, the

compound should have been used with ADA present in the medium,
in order to

remove

any

preparations do contain

effects of adenosine in Rp-cAMPS.
a

Our cell

significant number of adenosine receptors

according to the results found with ADA with PGE2.
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f)-Effect of the PKA inhibitor, H-89:
Different results

inhibition of O2"
the

were

obtained with H-89 which

totally ablated the

produced by PGE2, NECA and He-NECA, and inhibit

FMLP-response by only 10% suggesting a role for protein kinase

A in the

signal-transduction pathway for PGE2 and adenosine-like

compounds.
gfEffect of the cAMP mimetic, 8 bromo cyclic AMP:
The results with cAMP

mimetic, 8 bromo cyclic AMP were poor, even

though inhibition of neutrophil activation has previously been shown
by Wong & Freund, (1980) using the cyclic AMP analogue, dibutyryl
adenosine

3',5'-monophosphate. We obtained

results which did not allow
of cAMP
must be

as

the

us

to draw any

poor

and

very

variable

conclusion about the role

efficacy of this compound

on

this cell preparation

questioned.

hfCorrelation between the increase in cAMP levels and the inhibition of
O2'
In

generation:
addition, work previously performed involving the measurement of
levels

cAMP

correlation

in

human

(r=0.92)

neutrophils, demonstrated

between the

an

impressive

increase in cyclic AMP levels

(Armstrong 85 Talpain, 1994) and the inhibition of O2" generation by a

The correlation

of EP agonists.

range

phosphodiesterase inhibitor (IBMX)
superoxide generation

as

is the

was

case

was

improved when the

used to evaluate inhibition of

when cyclic AMP levels

were

measured.

The cAMP

signalling pathway is used by

adrenaline and

many

hormones, including

glucagon, and is characterized by the succession of

stimulatory and inhibitory G protein transducers, Gs and Gi, linked,
respectively to stimulatory and inhibitory membrane receptors, Rs
and Ri

(Levitzki, 1986; Gilman, 1987).

signal to Rs stimulates
to

a

The binding of

an

external

conformational change which is transmitted

Gs, and induces the release of bound GDP. The binding of GTP to

the

a

subunit of Gs then allows it to dissociate from the

and activate the membrane-associated enzyme
form cAMP from ATP.

In

a

p/a subunit

adenylate cyclase to

similar fashion, the arrival of an external
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signal at Ri leads to the inhibition of the adenylate cyclase.

Once

formed, cAMP participates in the final stages of the pathway by

binding to the regulatory subunit of the protein kinase A, inducing
the liberation of the

catalytic subunit which phosphorylates target

proteins leading to the inhibition of the overall cellular
(Huang et al., 1983). PKA
inhibition

of the

seems to

respiratory burst in neutrophils (Mueller et al.,

protein kinase A with molecular
"group A kinases", that
neutrophils.
kinases

another

of

of 61 to 65 kDa termed

be activated by FMLP in guinea-pig

The data suggest

a

possible activation of these protein

hand, the activation of neutrophil function could be via

pathway.

FMLP has been shown to induce

small rise in

a

FMLP receptors have been found to

(Simchowitz et al., 1983).

be present
a

can

masses

a group

by dephosphorylation (Ding & Baldwey, 1993).

On the other

cAMP

be implicated, with cAMP, in the

Indeed, recent studies showed the existence of

1992).

response

in two isoforms 4S and 7S, which have been identified

as

physical complex containing N-formyl chemotactic peptide receptor

and G

protein (Jesaitis et al., 1989; Bommakanti et al., 1992).

binding of FMLP

on

these receptors induces

linked chain of events.

Once the

been shown to be activated

transforming the phospholipids present in

1984; Cockcroft et al.,

choline-containing phosphoglycerides
produce
choline

G-protein stimulatory-

G-protein is stimulated, PLC has

the membrane into the second messenger,

(Berridge et al.,

a

The

1980;

are

diradyl-sn-glycero-3-phosphate

inositol triphosphate (IP3)
1981;

1984) and

hydrolysed

by PLD

(phosphatidic

acid)

to

and

Phosphatidic acid is then metabolised by

(Exton, 1990).

phosphatidic acid phosphohydrolase to DAG (Billah et al., 1989;
Mullamnn et
the

al., 1990). The involvement of inositol phospholipids in

signal-transduction pathways has been suggested since 1953

(Hokin & Hokin, 1953).
concentration of Ca2+

increase leads to

an

IP3 stimulates the increase of internal

from

an

internal

pool;

a

influx of extracellular Ca2+

calciosome.

by

a

This

non-selective

cation channel and from the intracellular store

(Berridge. 1987), the

endoplasmic reticulum (Prentki et al., 1984).

DAG activates PKC,

which in turn,
PKC

was

phosphorylates key proteins (Cockcroft et al., 1984).

identified in 1977

as

a

proteolytic protein kinase (Takai et
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al., 1977) and has been found in tissues and organs.
was
a

thought to be

a

single protein, but, it has

At first, PKC

been shown that

now,

large family of PKC isoforms exists (Nishizuka, 1984).

The fact that PKC inhibitors do not inhibit

FMLP-stimulated

neutrophils suggests that PKC activation is not

PKC has been shown to possess

early

a

requirement for cell activation (Wright & Hoffman, 1986).

necessary

The

neutrophil activation in

response seems

subject to

a

stimulatory and inhibitory functions.

to be activation and requires Ca2+.

negative feed-back control from

a

PKC is

down-regulation of the

receptors coupled to inositol phospholipid breakdown (Naccache et

In the neutrophil, PKC has been shown to play

at, 1985).

a

role in

superoxide anion generation (Serhan et al., 1983; Penfield 8s Dale,
1984) by inducing the phosphorylation of
leading to

a

a

number of proteins,

cascade of events which in turn contribute to the

respiratory burst.
also be activated

In addition to being stimulated by DAG, PKC

by phorbol esters, and

can

role for arachidonate and

a

lipoxins could be considered.
The increase in DAG does not

seem

to

be

enough to induce the

respiratory burst, and it is thought that PKC,
stimulate the

activated, would

generation of larger amounts of DAG activating PLD.

Another role for PKC in the
of the

once

respiratory burst is through alkalinisation

cytosol by activating Na+/H+ antiport.

However,

PLC

and

PLD

have

been

shown

to

be

activated

independently through distinct G-proteins, that PLD is activated
in the absence of PLC and that PLC

products not switch

(Mullmann et al., 1993).

Indeed, support for

growing,

FMLP

suggesting

that

induces

the

a

on

even

PLD

role for PLD is

respiratory

burst

independently of phosphatidic degradation and PKC activation, but
coupled to PLD-mediated generation of phosphatidic acid (Billah et
al., 1989; Bonser etal, 1989).
Calcium

is

an

important component in the signal-transduction-

pathway and has been shown to be
the

neutrophil, such

as

necessary

for certain functions of

chemotaxis, degranulation, exocytosis and
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Calcium

phagocytosis.

seems

An other important role of Ca2+ is to

(Grinstein & Furuya, 1988).
stimulate certain enzymes

for neutrophil motility

necessary

such

phospholipase A2, the calcium-

as

dependent PLC and PLD.
Ca2+ mobilization and PKC activation appear to
to elicit a cellular response.

showed that,
FMLP

to

although

elicit

the

work synergistically

However, Grinstein and Furuya (1988)

minimum amount of Ca2+ is

a

oxidative

calcium concentration is not

response,

necessary

for

change in intracellular

a

Indeed, Ca2+-independent

required.

PKC

isoenzymes have been found in neutrophils (Stasia et al., 1990),

and

although to date, their function in the signal-transduction

pathway is not clear
oxidase

they have not been shown to activate NADPH

as

(Sharma et al., 1991), it could be

an

explanation for the lack

of the need for Ca2+ in PKC activation.

A

third

pathway,

distinct

from

changes

concentrations of Ca2+ and activation of PKC
involved in the response to
Dewald

and

coworkers

intracellular

in

suggested to be

was

chemoattractants (Dewald et al., 1988).

provided evidence for

a

Ca2+-independent

pathway stimulated by FMLP leading to the stimulation of the
respiratory burst in human neutrophils
However,

suggesting

G-proteins
that

the

appear

transduction

been shown to induce

operated Ca2+ uptake lasting 1
which

was

not due

to

et

be involved in both

to

process

agonists splits into Ca2+-dependent and
FMLP has

(Dewald

or

a

a

initiated

al.,

1988).

sequences,

by receptor

Ca2+-independent branch.

transient inhibition of store-

2 minutes (Montero et al., 1993)

the involvement of PKC but due to

phosphorylation (Montero et al., 1994).

protein

PKC has been shown not

only to stimulate the signal transduction but to also provide
negative feed-back effect

on

a

receptor-mediated cell activation in

neutrophils (Naccache et al., 1985; Rickard & Sheterline, 1985).
The

secretion

of

granules

appears

to

be directly linked to the

microtubules, and therefore to the cellular contractile apparatus of
which actin and

myosin

are

the major components.

cGMP have both been considered to

play

phenomenom (Zurier et al., 1974), acting
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an

on

Cyclic AMP and

important role in this

the polymerisation of the

microtubules.

However, it is possible that the release of granule

could result from
been

a

change in the membrane potential. This idea has

by

suppoted

the

finding

that

FMLP

caused

a

rapid

depolarization and subsequent repolarization (Seligman 8s Gallin,
However, using different techniques, other authors have not

1983).

supported

a

role for

change in membrane potential (Korchak 85

a

Weissmann, 1978; 1980; Sha'afi 8s Naccache, 1981).

Cylcic GMP

possesses a

guanine replacing

an

similar structure to cAMP, differing only by

adenine moiety.

for cGMP has been studied.

In the

discovered in 1970
in the

cGMP

protein

kinase

was

(Kuo 85 Greengard, 1970) and shown to be present

was

degranulation
still unclear

was

the possibility of

considered.

a

role for cGMP in

However, the mechanism of action is

(Weissmann et al., 1975; Ignarro 85 Cech, 1976).

shown to first induce

neutrohils followed
Calcium

A role for cGMP in

first shown in 1973 (Estensen et al., 1973), in the

chemotaxis and then, later,

was

enzyme

neutrophils (Pryzwansky et al., 1973).

neutrophils

seems

by

to be

a

a

FMLP

decrease in the cGMP levels in human

peak of synthesis (Anderson et al., 1976).

implicated in the regulation of the cGMP levels

(Pryzwansky et al., 1995). There is opposing evidence that cGMP
inhibit

al., 1991; Wenzel-Seifert, 1991) and that cGMP is involved

stimulatory events such

In the
acts

EP2
been

can

neutrophil functions (Ney et al., 1990; Schroder et al., 1990;

Ervens et

in

role

by the

occurs

cGMP-dependent

A

a

neutrophil, cGMP is synthesized

by guanylate cyclase, and its hydrolysis

phosphodiesterase.

It is only recently that

a

as

chemotaxis (Armstrong, 1995).

present study, the results found would agree that cyclic AMP

as

a

second messenger to

mediate the inhibition by PGE2 and

agonists of FMLP-induced superoxide formation. This has also
suggested by Li et al., (1993).

The exact mechanism by which

cyclic AMP inhibits O2" generation still remains to be elucidated.
However, it has been demonstrated (Hecker et al.,

1989, Ney 85

Schror, 1991) that the increase in intracellular cyclic AMP produced

by PGE2 in human neutrophils is paralleled by
extracellular

Ca2+

influx

which

may

a

decrease in

lead to the attenuation of

receptor-mediated neutrophil activation by FMLP. It is interesting to
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that

note

Sedgwick et al. (1985) found that although PG caused

a

concentration-dependent increases in cyclic AMP levels in FMLP-,
phorbol myristate acetate- and serum-treated zymosan-stimulated
neutrophils, inhibition of O2"
with

This

FMLP.

prostaglandins

only

was

finding

seen

O2" production depends

on

In

an

on

the

influence

of

the nature of the

increase in cyclic AMP in

neutrophil alone is not always sufficient to limit O2"

generation. As
must

that

suggests

neutrophil activating stimulus, and that
the activated

in the neutrophils treated

a

result of this,

any

conclusions drawn in this study

be restricted to FMLP.

conclusion, the results of the present study suggest that inhibition

of FMLP-induced

superoxide generation by prostanoids is mediated

by the occupation of EP2 receptors and activation of adenylate
cyclase, leading to the elevation of intracellular levels of cyclic AMP.
Signal-transduction pathway of adenosine to inhibit the O2' generation:
The non-selective

Ai/A2-receptor agonist, NECA and the selective A2-

receptor agonist, He-NECA showed the same profile at inhibiting the
O2"

generation in human neutrophils.

by the different agents tested, in
with Cronstein and coworkers'

and

Ai

A2

receptors,

a

They

similar

were
way.

also, both affected
This would

finding that neutrophils

possess

agree

both

that promote chemotaxis and inhibit O2"

generation, respectively (Cronstein et ah, 1990).
Evidence has accumulated to show that the inhibition of the O2"

generation to be through, first the adenosine A2-receptors (Cronstein
et

ah, 1985; Roberts et al, 1985; Iannone et ah, 1985). Four types of

adenosine receptors

have

now

the adenosine A2a receptors
the inhibition of the O2"

With respect to
inhibits O2"
The

been found, and

a recent

study defined

(Gurden et ah, 1993) to be responsible of

generation.

the signal-transduction pathway by which adenosine

generation, the situation

signal-transduction pathways

adenosine receptor

appears more

appear to

complex.

differ according to the

subtype involved; the adenosine Ai-receptors have

been shown to be linked to Gi,

and the inhibition of adenylate cyclase
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(Ebersolt et al., 1993)
and K+ channels

or to

PLA2 and PLC, guanylate cyclase or Ca2+

(Collis & Hourani, 1993).

Adenosine Ai-receptors

shown to
promote the chemotactic response to FMLP (Rose et al., 1988;
Cronstein et al., 1990). The A3 receptor can be clearly distinguished
from Ai and A2 receptors and inhibit adenylate cyclase (Zhou et al.,
1992) or Ca2+ entry, as is the case in nerve endings and atrial cells
(Tucker & Linden, 1993). The last adenosine receptor to have been
suggested A4 receptor, acts through the stimulation of K+ channels
are

present on the neutrophil surface and have been

(Tucker & Linden, 1993).
Controversial

opinions

involvement of cAMP

are

as a

expressed with respect to the possible

second messenger

actions of adenosine in the

mediating the inhibitory

Cronstein and coworkers

neutrophil.

disagreed with this hypothesis (Cronstein et al., 1988)
they observed

even

though

increase in cAMP levels in human neutrophils

an

following treatment with NECA. However, the increase in cAMP levels
was

and

observed
the

only in the

authors

did

presence

not

find

of the PDE inhibitor Ro-20-1724,

these

results

to

parallel with the

On the other hand, NECA has been

superoxide anion production.

found to increase cAMP levels and reach

a

maximum after 2 minutes,

levels which would return to its baseline after 5 minutes

(Iannone et

al., 1985). In addition, Sabouni and collaborators published

showing the adenosine A2-receptors to act through
and to activate

a

a report

G-protein, Gs

adenylate cyclase (Sabouni et al., 1989).

The results obtained in
89 would support

our

experiments, with both rolipram and H-

the hypothesis that cAMP is the second

messenger

by both EP receptor agonists and adenosine receptor agonists,
whereas the results obtained with Ro-20-1724 and
not.

More

further

SQ 22, 536, do

specific compounds would be required in order to do

experiments allowing

signal-transduction

any

pathway

kind of conclusion concerning the

mediating

the

inhibition

of

O2"

generation in human neutrophils by both EP receptor agonists and
adenosine receptor

agonists.
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Flow diagram 2.1: Isolation of human neutrophils and measurement of superoxide

anion generation
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Table 2.1: Set-up for superoxide anion extraction
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Figure 2.1: Log concentration-effect curve for FMLP on the production
neutrophils, (n=5).
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Figure 2.2: Log concentration-effect curves for PGE2 on the inhibition
generation in human neutrophils induced by
a) FMLP 30nM (▲), 100nM (■) and 300nM (•), (n=5).
of 02"

b) FMLP (100nM) at 0 (0), 15 (a) and 30 (□) minutes pre-incubation,
(n=4).
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Figure 2.3: Log concentration-effect curve for PGE2 on the inhibition
02" generation in human neutrophils induced by FMLP (100nM),

(n=77).
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Figure 2.4: Log concentration-effect curves for PGE2 (■) and for
a)butaprost (A) (n=16)
b) AH 13205 (□), (n=8)
c) misoprostol (•), (n=4)
d) 11-deoxy PGEi (A), (n=6), on the inhibition of 02~ generation in
human neutrophils induced by FMLP (100nM).
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Figure 2.5: Log concentration-effect curves for PGE2 (■) and for
a) sulprostone (▼) (n=6)
b) GR 63799X (A) (n=4)
c) 17-phenyl-PGE2 (•) (n=5)
d) cicaprost (0) (n=3), on the inhibition of 02" generation in human
neutroohils induced bv FMLP (100nM)
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Figure 2.6: Log concentration-effect curves for PGE2 (■), butaprost
(▲) and AH 13205 (O) on the inhibition of 02" generation in human
neutrophils induced by FMLP (100nM). Continuous lines represent
control neutrophils and dash lines, neutrophils treated with
indomethacin (3pM).
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Figure 2.7: Log concentration-effect curves for PGE2 (■) (n=4),
butaprost (•) (n=2) and AH 13205 (A) (n=2) on the inhibition of 02"
generation in human neutrophils induced by FMLP (100nM) with filled
symbols and in presence of BSA (4%), with empty symbols.
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Figure 2.9: Effect of a (a) 2min (n=5) (b) 10min (n=11) and (d) 30 min
(n=3),pre-incubation with the EP4 receptor antagonist AH 23848B
(10pM) on inhibition of FMLP-induced 02" generation in human
neutrophils by PGE2.(c) Effect of a 2 min pre-incubation with AH
23848B (1 OpM) on inhibition of FMLP-induced 02" generation in
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Figure 2.10: Effect of 10 min pre-incubation with the EPt/DP receptor
antagonist, AH 6809 (1 0jj.M) on inhibition of FMLP-induced 02"
generation in human neutrophils by (a) PGE2 (n=7) and (b) butaprost
(n=5). White columns represent control neutrophils treated with PGE2,
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Figure 2.11: Effect of 10 min pre-incubation with the DP-receptor
antagonist BW A868C (10pM) on inhibition of FMLP-induced 02"
generation in human neutrophils by PGE2 (n=7). Hatched columns
represent control neutrophils, open columns, neutrophils treated with
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Figure 2.12: Log concentration-effect curves for inhibition of 02~
generation by PGE2 (H)in neutrophils treated with IBMX at (a) 0.08pM
(□), 0.4pM (•), 2p.M (A) (n=4) and (b) 0.25mM (□) (n=13).
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Figure 2.13: Log concentration-effect curves for EP-receptor agonistinhibition of 02~ generation in neutrophils treated with IBMX (0.25mM).
PGE2 (■), (a) butaprost (•), (b) AH 13205 (A), (c) 11-deoxy PGE1 (O)
and (d) misoprostol (▼).
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Figure 2.14: Log concentration-effect curves for EP-receptor agonistgeneration in neutrophils treated with IBMX (0.25mM).
PGE2 (■), (a) GR 50209 (T), (b) sulprostone (▲) and (c) 17-phenylPGE2 (O).
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Figure 2.16: Effect of a 2 min pre-incubation with the adenylate
cyclase inhibitor, SQ 22,536 (0.1 mM) on inhibition of FMLP-induced
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Figure 2.17: Log concentration-effect curves for inhibition of 02~
generation by PGE2 (■) in neutrophils treated with rolipram at (a) 2nM
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Figure 2.18: Log concentration-effect curves for inhibition of 02'
generation by PGE2 (■) in neutrophils treated with (a) Ro-20-1724
(10nM) (A) (n=4), (b) Gl (10pM) (□) (n=3), (c) Rp-cAMPS (10pM) (O)
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(d) Log concentration-effect curves for inhibition of 02" generation by
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(10pM) (v) (n=8).
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Figure 2.19: Log concentration-effect curves for inhibition of 02~
generation by PGE2 (■) in neutrophils treated with (a) IBMX (0.25mM)
(O) (n=13), (b) ADA (1u/ml) (□) (n=12) and (c) IBMX (0 25mM) and
ADA

(1u/ml) (A) (n=4).
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Figure 2.20: Log concentration-effect curves for inhibition of 02~
generation by PGE2 (■) in neutrophils treated with (a) 8 PT (10pM) (□)
(n=13), (b) IBMX (0.25mM) (•) and 8-PT (lO^M) + IBMX (0.25mM)
(O) (n=4), (c) 8-PT (100fiM) (O) (n=8).
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Figure 2.21: Log concentration-effect curve for NECA (•) (n=22) and
He-NECA (A) (n=10) on the inhibition of 02" generation in human
neutrophils induced by FMLP (100nM).
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Figure 2.22: Effect of a 10 min pre-incubation with the (a) EP4-receptor
antagonist AH 23848B (10pM) (O) (n=4) and (b) EPi/DP-receptor
antagonist AH 6809 (10pM) (a) (n=3), on inhibition of FMLP-induced
02" generation in human neutrophils by NECA (•).
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Figure 2.23: Log concentration-effect curves for inhibition of 02~
generation by NECA (•) in neutrophils treated with rolipram at (a)
0.1 nM

(A), (b) 10nM (0) (n=4). (c) Log concentration-effect curves for
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Figure 2.24: Log concentration-effect curves for inhibition of 02"
generation by NECA (•) in neutrophils treated with (a) Ro-20-1724
(1nM) (O) and Ro-20-1724 (50nM) (A), (b) Ro-20-1724 (10nM) (A)
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Figure 2.25: a) Effect of 2 min pre-incubation with the adenylate
cyclase inhibitor, SQ 22,536 (0.1 mM) (O) on inhibition of FMLPinduced 02 generation in human neutrophils by NECA (•) (n=4).
(b) Effect of 2 min pre-incubation with the adenylate cyclase inhibitor,
SQ 22,536
in human

(0.1 mM) (a) on inhibition of FMLP-induced 02~generation
neutrophils by He-NECA (A) (n=4).
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Figure 2.26: Log concentration-effect curves for inhibition of 02~
generation by (a) NECA (A) in neutrophils treated with the PKA
inhibitor, H-89 (10jiM) (a) (n=4) and by (b) He-NECA (•) in

neutrophils treated with H-89 (10pM) (O) (n=4).

Chapter 3-INVESTIGATION OF THE EP RECEPTOR SUBTYPE(S)
ON HUMAN

EOSINOPHILS, USING THE RELEASE OF EOSINOPHIL

CATIONIC

PROTEIN

(ECP)

AS

A

MARKER

OF

ACTIVATION IN A MIXED POPULATION OF PMNs.
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EOSINOPHIL

3.1-INTRODUCTION

Eosinophils:
Eosinophils

first observed in the peripheral blood in 1846 by

were

Jones, and then by Ehrlich in 1880, but it was only when eosinophils
shown to be associated with in

were

number of

a

of interest in these cells
Even so, their study has been limited by the techniques
to isolate them in sufficient quantity for experimental

allergic conditions, that
occured.
available

resurgence

a

Eosinophils represent about 1 to 7% of the total white

purposes.

blood cells in normal human individuals

cells/ml

pathological and

of blood).

eosinophils

are

When

separated

0.7xl06

(between 0.1 to

using

density

gradients,

found in the PMN fraction, co-sedimenting with

neutrophils and basophils, but representing only 5 to 10 % of this
fraction.

However, they can be easily recognised by their large eosin-

staining cytoplasmic granules and their segmented nuclei, and thus
distinguished from the neutrophils microscopically.
At the

beginning of this century,

in the number of

1980),

association between

increase

an

eosinophils in peripheral blood (eosinophilia) and

allergic and parasitic diseases,
Hirsch,

an

and

in

was

1975,

established (reviewed in Hirsch &

Horn

and

coworkers

showed

a

relationship between eosinophilia and the severity of asthma (Horn et
al., 1975; Kay, 1979; Abu-Ghazaleh et al., 1992).
was

found

eosinophilia

in

hayfever

was

sufferers

shown

to

(Wardlaw

occur

in

et

The
al.,

same

pattern

1988),

cardiovascular

and

diseases

(Butterworth, 1984; Tai et al., 1987), parasitic diseases (Gleich &
Loegering, 1984; Gleich & Adolphson, 1986), chronic inflammation in
a

variety of tissues and experimental immunotherapies of

cancer

(Lowe et al., 1981) and AIDS (Fleury-Feith et al., 1989; Frentz et al.,

1989).

An important function of the eosinophils is in fighting

helminth infections such
Vadas et

as

schistosomula

(Butterworth et al., 1975;

al., 1980) which have been studied extensively in vitro.

Eosinophils

are potent

inflammatory cells, recruited into early- and

late-phase immediate hypersensitivity reactions. On the second stage
of their reaction

they

are

stimulated and emigrate from the blood
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stream

(causing

the efflux of
inhibited

eosinophils from the bone

(Bass,

eosinophils,

eosinopaenia) towards the inflamed tissue and

an

marrow

is simultaneously

Once at the site of inflammation,

1975).

when appropriately

able to secrete
well as to undergo a

stimulated,

cytotoxic and proinflammatory agents

as

the

are

respiratory burst. These actions provide effective mechanisms for the
killing of invading parasites and bacteria. However, they
to the
mast

can

be toxic

body if inappropriately directed towards different cells, such

as

cells, epithelial cells, macrophages and T cells (Venge, 1993).

Several types

of stimuli

mechanisms

and

are necessary,

pathways

mobilisation and activation of

and

responsible,

an

interplay of multiple

for

the

preferential

eosinophils in tissues sites.

Stimuli:
A

complex of several different activating agents released by T cells,

mast

cells, macrophages and other inflammatory cells,

necessary

release

seems to

be

for the migration and the stimulation of eosinophils by the

of soluble

mediators

which

are

chemoattractants

for

the

eosinophils thus driving the eosinophil emigration from the blood
towards the invaded tissue

(Gleich & Adolphoson, 1986).

sustances have been shown to be chemotactic for

Several

eosinophils, with

differing orders of potency.
Among these stimuli,

are

IgG (Thorne et al., 1982), IgA (Capron et al.,

1989), IgE (Capron et al., 1984), opsonized particles (Winqvist et al.,
1984), the complement fragment C5a (Goetzl, 1979; De Simone et al.,
1986; Czarnetzki & Pawelzi, 1983), PAF (Kroegel et al., 1988), FMLP

(Shaw et al., 1985; Ogawa et al., 1981; Czarnetzki & Pawelzi, 1983),
5-HETE and 5-HPETE

stimulate

(Goetzl, 1979; Goetzl et al., 1980), all of which

specific surface receptors.

than FMLP, LTB4

PAF and C5a

are more potent

and histamine (Wardlaw et al., 1986; Morita et al.,

1989) and have been shown to also induce

a

respiratory burst in

eosinophils (Shult et al., 1985; Hansel et al., 1989; Koenderman et
al., 1990).

Human IgGl and IgG3

seem to

induce granule release in

eosinophils (Kaneto et al., 1995), IgG2 is less active, and IgG4 is
totally inactive.
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Another

of activating agents

group

substances: IL-3, IL-5 and GM-CSF.
those mentioned

actions such
cells

above, but

(Weller,
are

is the

for PAF

in

wider

a

range

of

of

these

chemoattractants

for

(Lee et al, 1984), LTC4, GM-CSF and IL-5, giving

both autocrine and

examined

less effective than

actually produced by the eosinophils themselves; this

eosinophils
case

are

eosinophilopoeiesis and survival of the

Several

1991).

They

able to induce

are

stimulation of

as

the lymphocyte-derived

are

This will be

paracrine modes of recruitment.

more

detail

the

in

section

describing

eosinophil

regulation and control.
Two

other

products have been found to

possess

activating agent

properties for eosinophils; the calcium ionophore A23187, which
translocates calcium into the
which

cell, and phorbol esters such as PMA,

directly activate PKC (Fukuda et al., 1985; Yazdanbakhsh et

al, 1987a).
It

seems

that certain agents

preferentially stimulate superoxide anion

generation while others induce eosinophilic degranulation and ECP
release

(Shute et al, 1990).

FMLP has been shown to enhance the

cytotoxicity of eosinophils (Kay et al, 1987) and to stimulate the
release of leukotrienes from these cells
even

though

FMLP
for

chemoattractant

has

been

(Shaw et al, 1985).

shown

eosinophils,

not

showing

to

be

greater

a

Thus,
potent

activity

on

neutrophils (Yamashita et al, 1985; Yazdanbakhsh et al, 1987b), it
seems

to

be

widely used for the measurement of ECP release.

C5a

contrast,

is

commonly

used

to

induce

superoxide

generation (Wardlaw et al, 1986; Morita et al, 1989).
and FMLP have been used here

as

the agents

In

anion

As such, C5a

of choice, to induce

eosinophil superoxide anion generation and ECP release respectively.
In

addition, cytochalasin B has been added to the cells in all

experiments
absolute

as

several studies have shown cytochalasin B to be

an

requirement for the measurement of the superoxide anion

generation (Sedgwick et al, 1988)
stimulated

or

of the release of EDN in FMLP-

eosinophils (Kita et al, 1991).
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Adhesion and passage
The

endothelial

eosinophils
subject of

cell-eosinophil interaction and transmigration of

across

the vascular endothelial cells have been the

studies, and is reviewed by Resnik & Weller (1993).

many

The first step

through the endothelial cells:

in this

process

is the adherence to and then

passage

of

eosinophils through the vascular endothelium. This phenomenon is
similar to that observed with
between receptors on

present

on

Eosinophils
adhesion

neutrophils and involves

the surface of the eosinophils and their ligands

endothelial

the

interaction

an

cell

surface

(Walsh

et

al.,

1990).

number of adhesion molecules; the specific

express a

proteins of the (32 integrin family

neutrophil adhesion, which

are

required,

for

as

CDlla/CD18 (LF-A), CDllb/CD18

are

(Mac-1) and CDllc/CD18 (pl50,95) (Walsh et al., 1990; Hartnell et
al., 1990; Walsh et al., 1991).
CD31

E-selectin, P-selectin, L-selectin and

also involved in this mechanism

are

reviewed in Cronstein &

(Teixeira et al., 1995;

Weissmann, 1995).

Eosinophil membrane receptors:
The activation of

particulate

or

transmembrane
cells

and

the

eosinophils starts by cell surface interactions with

soluble

factors.

These

interactions

induce

a

signalling cascade leading to the migration of the
stimulation

of

the

different

eosinophils present diverse receptors
evidence for receptors

on

cell

functions.

their surface.

The

There is

for IgG (FcR) (Pimenta & DeSouza, 1982), IgE

(FcgRII) (Capron et al., 1983), noradrenaline (P2) (Yukawa et al.,
1990), complement 3b (C3b) (Nagy et al., 1982), oestrogens (Lyttle et
al., 1984), leukotrienes (Joerg et al., 1982), FMLP (Klebanoff et al.,

1977), complement 5a (C5a) (Klebanoff et al.,

1977) and E-type

prostaglandins and related receptors (Hubscher, 1977).

Various

eosinophil activities are mediated through the Fc receptors, such as
schistosomula killing, degranulation and production of LTC4 and
PAF.

Degranulation:
Unlike
so

neutrophils, eosinophils

have

a

are poor

limited role in defence

phagocytes of bacteria and

against bacterial infection, but

mainly directed against larger targets such
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as

are

helminths and tumour

cells which

stimulated,
release

of

neutralised

axe

externally (Vadas et al., 1980).

eosinophils undergo

degranulation,

resulting in

the

Indeed

one

cytotoxic and proinflammatory proteins.

characteristic of the

granules rich in

a

eosinophil is the

presence

variety of basic proteins such

When

of large cytoplasmic
as

peroxidase (EPO)

(Enomoto & Kitani, 1966; Bainton & Farquhar, 1970; Klebanoff et al.,
1980), major basic protein (MBP) (Gleich et al., 1973), eosinophilderived neurotoxin
and

(EDN) (Durack et al., 1981; Ackerman et al., 1983)

eosinophil cationic protein (ECP) (Olsson et al., 1977).

MBP is localised in the

crystalloid

core

of the granule, whereas ECP

(Peters et al., 1986; Egesten et al., 1986), EDN and EPO
matrix.

These

preformed mediators

are

in the

be released into phagosomes

can

intracellularly (Cotran & Litt, 1969) and extracellularly (McLaren et
al., 1977; Henderson et al., 1982) after cell activation by particulate
soluble stimuli.

or

They have been shown to be present mainly in

eosinophils although

of them

some

can

be found in basophils and

neutrophils but in much smaller quantities (Abu-Ghazaleh et al.,
1992a). The different actions of these proteins together contribute to
the defense

properties of the eosinophil.

a)MBP
MBP does not possess any

enzymatic activity, but it acts to damage

and/or kill parasites. However, it is toxic to normal human cells and
tissues too.
activate

It has

eosinophils,

recently been shown to
as

well

as

possess

the ability to

basophils, neutrophils and platelets

(Kita et al., 1995).
b)EDN
EDN, whose cDNA has been cloned in the eosinophil (Rosenberg et

al.,

1989)

ribonuclease

is

a

potent

activity

neurotoxin

(Silfam

et

al.,

which

possesses

1986),

and

important in diseases of the human central
et

nervous

a

appears

strong
to

be

system (Chusid

al., 1975; Snead & Kalavsky, 1976; Yii, 1976; McLaren et al., 1984;

Gleich 86

Adolphoson, 1986; Venge, 1985).
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c)Other compounds
In

addition to

these

major proteins contained in the cytoplasmic

granules, the eosinophil possesses other products in these granules,
which

can

diverse

be released when

enzymes,

such

They contain

appropriately stimulated.

as

histaminase

(Zeiger

et

al,

1976),

arylsulphatase B (Austin & Bischel, 1961), phospholipases B and D
(Ottolenghi et al., 1967; Kater et al., 1976), peroxidase (Graham,
1978),

acid

phosphatase

(Ghidoni

8s

Goldberg,

1966),

leucine

aminopeptidase-like reactivity (Sok et al., 1981), vitamin B12 binding
proteins, fibroblast growth factors, lysophospholipase (Weller et al.,
1980), the proinflammatory cytokine IL-8 (Braun et al., 1993), and
number of

heavy metals.

A characteristic of the

and

lysophospholipase is to form needle-shaped

hexagonal bipyramidal crystals named Charcot-Leyden Crystals

(CLC) at the site of affected tissues. Lysophospholipase represents
to

a

10% of the total amount of

up

eosinophilic protein (Zucker-Franklin,

1980; Weller et al., 1984; Ackerman et al., 1983).

Eosinophils

have

been

shown

to

be

able

to

generate

the

sulphidopeptide leukotrienes LTC4 and LTD4 (Weller et al., 1983;
Henderson et
leukotriene

al., 1984). Comparative studies determining the type of

produced by neutrophils and eosinophils, showed that

neutrophils generate mainly LTB4 and eosinophils LTC4. Eosinophils
have also been shown to be able to
and E2

synthesize prostaglandins D2, Ei

(Hubscher, 1975a; 1975b) and thromboxane B2.

A recent

study located the cyclooxygenase responsible for the production of
prostaglandins in the lipid bodies which

are

non-membrane-bound

cytoplasmic inclusions (Dvorak et al., 1994).
d)ECP
ECP is

total

a

21,000 molecular weight protein, representing 30% of the

weight of human eosinophilic granules (Olsson et al., 1977).

ECP has

been

mainly found in eosinophils; only 1 to 2% of the

amount of ECP and EDN

the

present in eosinophils have been detected in

neutrophils. ECP is capable of

shown to be

a range

of activities, and has been

potentially involved in asthma using different methods.
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When the rabbit trachea

vessel
with
in

was

treated with ECP, the

epithelium of the

degenerated and inflammatory cells accumulated in the lumen

plugs of

severe

mucus;-

asthma

these phenomena
was

similar to those observed

Later, the correlation between

(Dahl et al., 1978).

ECP release and asthma

are

shown to be

a

good indicator of the

severity of the disease (Venge et al., 1990). Both MBP and ECP have
been

suggested to

contribute

exacerbation of inflammation

ECP possesses

to

the

damage and

local tissue

(Filley et al., 1982; Gleich et al., 1983).

ribonuclease activity but is less potent than EDN/EPX

(Slifman et al., 1986; Gullberg et al., 1986). It is also involved in the
killing of schistosomula of S.mansoni (McLaren et al., 1981), being 8
to 10 fold more active than MBP

ECP is

thought to affect the coagulation system and to be involved in

angiogenesis.
affect

(Ackerman et al., 1985). In addition,

Another important finding is that ECP

appears

to

lymphocyte proliferation, suggesting that eosinophils could

regulate the number of lymphocytes (Peterson et al., 1986).
Measurement of ECP release

quantitive

way

by RIA, has been used

as a

simple and

of assessing the level of activation of the eosinophil.

Respiratory burst:
Once at the site of

inflammation, eosinophils undergo

burst.

similar to that observed with the

This

seems

the mechanisms of the activation

are

not

as

a

respiratory

neutrophil but

well understood.

The

system of production of oxygen metabolites is the same as in the

neutrophil.

The

membrane-bound

enzyme

responsible

for

O2"

production

flavoprotein oxidase which utilizes NADPH

electron donor and is

is
as

a

the

helped by cytochrome bsss:

402 + 2NADPH

->

402" + 2NADP+ + 2H+

202 + 2H -> H202 + 02

The NADPH consumed to
from

produce O2" is regenerated at the

glucose through the hexose monophosphate shunt.
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same

time

The

respiratory burst is characterised by the production of a large

quantities of the

oxygen

radical 02 and hydrogen peroxide (H202)

(Baehner & Johnston, 1971). These products react with EPO in the
presence

of

halide cofactor such

a

toxic mediators

highly

such

as

as

bromide

or

chloride, to form

hyprobromous acid

toxic

products

are

or

Once formed,

hyprochlorous acid (HCIO) (Klebanoff et al., 1980).
these

(HBrO)

able to kill invading pathogens such

as

parasites and bacteria (Klebanoff et al., 1980), viruses (Belding et al.,
1970), mycoplasma (Jacobs et al., 1972), fungi (Lehrer, 1969), as well
as

destroying different kind of human cells such

tumour cells

as

(Klebanoff et al., 1980) and mast cells (Henderson et al., 1980). They
also appear to

be able to damage surrounding tissues (Spry & Tai,

and to act

1988)

Halliwell et al.,

proinflammatory agents (Baggiolini,

as

1984;

However, they also been shown to be able to

1988).

inactivate certain mediators of the inflammation such

as

leukotrienes

(Henderson etal., 1982).
Regulation and control of the eosinophil functions:
In addition to direct

also be
and

activation,

susceptible to

complement

more

subtle regulation.

al.,

can

be

can

Although IgE-, IgGinvolved,

the

main

the cytokines, GM-CSF, IL-3 (Sehmi et al.,

are

1991; Warringa et al.,
et

number of eosinophil functions

factor-receptors

regulatory factors
Yamaguchi

a

1991), IL-5 and TNF (Lopez et al., 1988;

Other lymphocyte-derived cytokines,

1988).

lymphocyte chemoattractant factor (LCF) (Rand et al., 1991a), IL-2
(Rand et al.,

1991b), IL-8 (Warringa et al.,

(Kameyoshi et al., 1992) also
the

seem to

1991) and RANTES

be involved in the regulation of

eosinophil activity.

GM-CSF, IL-5 and IL-3 promote eosinophilopoeiesis, survival and
enhance

their activation.

chemoattractants but
other

seem

GM-CSF

and

to sensitize

IL-3

appear

(or "prime") the eosinophil to

migratory stimuli (Weller et al., 1991). IL-5

chemoattractant
appears to

be

an

seems

to be the sole

(Sehmi et al., 1992; Sanderson et al., 1988) and
important factor for eosinophil survival in the late

inflammatory phase (Ohnishi et al., 1993).
enhance the

to be poor

IL-5 is also able to

eosinophil adherence to endothelial cells.
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GM-CSF is

produced by human macrophages, endothelial cells, fibroblasts and
(Chan et al., 1986; Munker et al., 1986; Kaushansky et al.,

T-cells

1988)

as

well

as

eosinophils.

Products

of

autocrine

regulation of these cells; MBP and EPO have been recently

eosinophil degranulation have shown to act in the

reported in turn, to stimulate eosinophil granule release.
also been shown to activate the

MBP has

production of IL-8 and LTC4 (Kita et

Another point of control for eosinophil activation, has

al., 1995).
been

suggested since the adhesion molecules CDllb/CD18 (Mac-1)

have

recently been shown to be

the

respiratory

burst

in

necessary

PAF-

for the degranulation and

GM-CSF-stimulated

or

human

eosinophils (Horie 85 Kita, 1994). In addition, PAF has been shown to
increase the

biosynthesis of prostanoids by 2 to 6 fold (Giembycz et

al., 1990; Kroegel 85 Mathis, 1993), reinforcing the suggestion that
PAF is

an

important activator of prostaglandin production in asthma.

The action of

prostaglandins

Early studies showed that

an

on

the eosinophil:

eosinophil-derived inhibitory substance

(EDI) worked through the elevation of cAMP (Lichtenstein, 1971).
Hubscher

identified

EDI

being

as

prostaglandins

(Hubscher, 1975), showing that eosinophils
and release

prostaglandins to act

surface membrane

on

(Hubscher, 1977).

are

Ei

and

E2

able to synthesize

receptors on the eosinophil

There is also evidence that

eosinophils secrete PGD2 in asthmatic conditions (Murray et al.,
1986), this production being increased after stimulation by PAF

(Kroegel 85 Matthys, 1993), and that DP receptors

are present on

the

eosinophil surface (Butchers and Vardey, 1990).
Recent

studies

showed

that

eosinophils in guinea-pig skin, the
with

reduced

PGE2

same

(Teixeira & Hellewell, 1993).

PGEi. A

accumulation

an

important role for

Similar results

were

found with

study by Kita and coworkers (1991a) showed PGE2 to inhibit

eosinophil degranulation (measured by EDN release) and observed
concomitant increase in cAMP in pure

by

IgG

of

inhibition being observed

isoprenaline, supporting the concept of

cAMP

the

(Kita

et

al.,

1991b).

In
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a

human eosinophils stimulated
a

previous

study,

several

and

prostaglandins

analogues

inhibition of ECP release in

mixed

a

studied to determine the
population of PMNs stimulated

were

Both prostaglandin D2 and E2
concentration-dependent inhibition of FMLP-

by FMLP (Butchers & Vardey, 1990).
found to

were

cause

induced ECP release,

The

inactive.

whereas the IP-receptor agonist, cicaprost

EP2/EP3-receptor agonist misoprostol, but not the

showed similar activity to

EPi/EP3-receptor agonist sulprostone,

suggesting the involvement of the EP2-receptor

PGE2,

However, further studies
Aim of this

The first

are

subtype.

required to substantiate this.

study:

suggestion that cAMP acts

eosinophil activation
mixed

was

was

as a

second

messenger to

by Bourne and coworkers (1972) using

population of PMNs. This

was

as

a

followed by the observation that

PGE2 would increase intracellular cAMP levels and block

degranulation,

inhibit

eosinophil

had been demonstrated for mast cells (Hubscher,

1977).
In order to

improve

the inhibition of

understanding of the mechanisms involved in

eosinophil activation,

interfere with the
These

our

an

number of compounds which

adenylate cyclase pathway have been investigated.

include, SQ 22,536

cAMPS

a

an

inhibitor of PKA and

inhibitor of adenylate cyclase, Rp-

rolipram,

a

selective inhibitor of PDE

type IV.
In this

chapter, measurement of ECP release has been used

indicator of
PMN

eosinophil activation, using FMLP-stimulation of

population.

The aim of this study

subtype(s) of EP-receptor present

on

was

cyclic AMP is the second

mixed

to characterise the

the eosinophil responsible for

the observed inhibition of ECP release and also to test the
that

a

as an

messenger

involved.

hypothesis

This could have

implications in the medical treatment of asthma, such that selective
prostaglandin analogues, which inhibit the release

of cytotoxic

granular basic proteins, leukotrienes, PAF and superoxide anions
from activated

eosinophils, could present

development of anti asthmatic drugs.
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a

novel strategy for the

3.2-METHODS

3.2.1-Buffers

(Solutions):

Hank's Buffered Salt Solution (HBSS)
HBSS

prepared

was

10 ml of 10 fold

and

Magnesium,

80 ml of sterile

as

more

follows:
concentrated HBSS with

or

without Calcium

appropriate

as

milliQ water

0.47ml of bicarbonate
1.33ml of BSA

(7.5%)

lml of HEPES

(1M)

(7.5%)

added in the stated order.
-in 100ml

by addition of milli Q water.

Methyl-cellulose / Hypaque solution:
1%

methyl cellulose:

34% Hypaque:

lg methyl cellulose

17g sodium diatriozate

-in 100ml

-in 50ml milli Q water.

milliQ water

61.5ml of 1%
34%

methyl cellulose solution

were

mixed with 38.5ml of

Hypaque solution.

3.2.2-Isolation of human PMNs:

(The following method is summarised in

a

simplified flow diagram

3.1)
1-

Venous

volunteers,

blood

and

layered onto

a

was

taken

from

the

forearm

of

healthy

anti-coagulated with 7.5ml citrate/50ml blood,

suspension of methyl cellulose / Hypaque and left to

stand 45 minutes to allow sedimentation of red blood cells.

2-

The

leukocyte-rich plasma (upperlayer)

was

then removed,

underlayered in centrifuge tubes with Ficoll-Paque (5ml

per

20ml of

blood) and then centrifuged at 400g, for 20 minutes, at
temperature,

to

separate

monocytes

polymorphonuclear leukocytes.
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and

lymphocytes

room

from

3-

The PMNs

Ca2+/Mg2+

then washed twice with HBBS buffer without

were

by centrifugation at 20°C

for 5

minutes,

at

320g,

discarding the supernatant after each spin.
4-

Finally the resultant PMN pellet

was

containing Ca2+/Mg2+ and 3pM Indomethacin,
3.2.3-Determination of the percentage

resuspended in HBSS
as

appropriate.

of eosinophils in the PMN

preparation:
1-

Cells

PMN per

2-

counted

were

by

a

Coulter Counter to give the number of

ml.

To

the

evaluate

proportion

prepared by cytospin (20°C, 450
3-

The slide obtained

was

Leishman's stain and then
stained slide

was

g,

of eosinophils,

smear

was

5 minutes).

stained

by dipping it for 8 minutes in

washing in

allowed to

a

a

bath of sterile water.

The

dry and the % of eosinophils determined

microscopically
3.2.4-Eosinophil Cationic Protein (ECP) release:
(The following method is summarised in Table 3.1)
a)-Proced.ure for the release of ECP:
1-

The

cells

Indomethacin

were

resuspended in HBSS containing

Ca2+/Mg2+,

(3pM), cytochalasin B (5pg/ml) and cytochrome C

(2.5mg/ml).
Inhibitors such

as

rolipram

2-

Each

sample

was

3-

Cells

(400 pi)

were

were

added at this stage.

performed in triplicate.
pre-incubated with EP agonists

or

buffer (50

pi) for 10 minutes, at 37°C.
4-

Subsequently,

final concentration

a

submaximal concentration of FMLP (50 pi,

30nM)

was

added and incubated for

minutes at 37°C.
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a

further 10

The reaction

5-

stopped by centrifugation for 5 minutes at

was

320g, 4°C, to allow sedimentation of the cells.
The supernatant

6-

well
to

was

dispensed into

96-

a

plate, where each well contained CTAB (final concentration 0.2%)

prevent the released ECP from adhering to the plastic surface of

the

8-

from each sample

plates.
Distilled water

(500 pi) containing 0.2% CTAB was added to the

Both the supernatants and the lysed

pellet of the control tubes.
pellets of the control tubes
release of ECP

assayed, to determine the maximal

were

by the eosinophils.

bfProcedure for radioimmunoassay of ECP:

(The following method is summarised in Table 3.2.)
This assay

is based

ECP to bind to
ECP is

a

the competition between free ECP and

on

fixed amount of rabbit anti-ECP

separated by the addition of

a

antibody.

125I-

Bound

second antibody (sheep anti-

rabbit) raised against the primary antibody.

The samples

are

centrifuged, the supernatant discarded and the radioactivity in the
pellet counted using

a gamma counter.

The number of counts is

inversely proportional to the amount of ECP present in the sample.
1-

If necessary,

the supernatants

fall within the range

2-

Each

sample

of the standard
was

were

diluted with 0.3% C-TAB to

curve.

assayed in duplicate in 96 well plates with

removable wells.

3-

Sample (10 pi)

or

standard (10 pi)

were

incubated with

125I-ECP

(10 pi) and anti-ECP antibody (10 pi), for 1 hour at 37°C.
4-

The

second

antibody

incubation continued for

5-

The

samples

a

were

(200

pi)

was

then

added

and

the

further 30 minutes.

then centrifuged at 650g, 4°C, for

minutes, and the supernatants discarded.

no

15

Each removable well

6-

counted in

gamma counter

a

The amount of ECP

7-

the

inserted into

was

2ml

plastic tube and

for 4 minutes.

was

radioactivity measured

a

determined from the standard curve,

being

proportional

inversely

to

the

quantity of ECP present in the samples.
for

3.2.5-Procedure

the

of

measurement

superoxide

anion

production:
(The following method is summarised in Table 3.3)
The method used
to be

1-

analysed by
cells

The

Indomethacin

was a

modification of that described in

Chapter 1,

plate reader.

a

were

resuspended in HBSS containing Ca2+/Mg

,

(3pM), cytochalasin B (5|ug/ml) and cytochrome C

(2.5mg/ml).
Inhibitors such

2-

Cells

as

rolipram

(400 pi)

were

were

added at this stage.

incubated with HBSS

or

inhibitory agent (50

pi) for 10 minutes at 37°C.
3-

FMLP

(50 pi; 300nM)

was

added and incubated for

a

further 10

minutes at 37°C.

4-

The reaction

was

stopped by centrifugation at 320g, 4°C, for 5

minutes, leading to the sedimentation of cells.
5-

Samples of supernatant (200 pi)

were

dispensed into

a

96 well

plate and the absorbance measured at 550nm. The basal absorbance
was

7-

taken

as

Each

cells incubated without FMLP.

sample

was

performed in duplicate and the values

averaged.

in

3.3-RESULTS

3.3.1-Percentage of eosinophils in a PMN preparation

Neutrophils and eosinophils
the

neutrophils

being

be distinguished microscopically;

can

purple,

dark

whereas

the

eosinophil

cytoplasmic granules stain pink. The percentage of eosinophils in the
PMN

preparations

was

5.29 ± 0.40% (n=19).

3.3.2-Inhibition of ECP release in

a

mixed PMN

population

a)Inhibition of ECP release by PGE2
FMLP

(30nM) in the

release of ECP observed with

pM and

so was

of cytochalasin B induced 76.1% of the

presence

selected

as a

a

submaximally effective concentration of

FMLP

(n= 2, Figure 3.1).

PGE2

(0.001-10pM) produced

FMLP induced ECP
a

maximally effective concentration of 1

concentration-related inhibition of

a

generation, producing 51.5 ± 2.27% inhibition at

concentration of lOpM

(EC50

=

0.08 ± 0.02 pM,

n =

38) (Figure 3.2).

bjlnhibition of ECP release by selective EP-agonists:
In order to determine
curve

for PGE2

was

equieffcetive concentrations,

a

dose-response

performed in each experiment.

Each graph

represents the paired concentration-effect curve for the EP agonist
tested and PGE2.

Butaprost

was a poor

inhibitor of ECP release, giving

inhibition of 10.6 ± 8.4% at 10 pM
0.025 pM

maximum

(EC50 >10 pM compared to 0.049 ±

for PGE2, n=4) (Figure 3.3a)

AH 13205 inhibited ECP release
±

a

4.4% at 10

giving

a

maximum inhibition of 26.9

pM (EC50 >10pM compared to 0.13 ±0.1 pM for PGE2,

n=6) (Figure 3.3b).
Misoprostol inhibited ECP release to

giving

a

a

greater extent than PGE2,

maximal inhibition of 86.9 ± 3.8% at lOpM.

misoprostol

was

less potent than PGE2 (EC50

=

However

0.34 ± 0.05 pM for

misoprostol and 0.044 ± 0.004 pM for PGE2, n=4) (Figure 3.3c)
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11-deoxy PGEX inhibited ECP release, giving a maximum inhibition
of 48.6 ± 4.4% at 10 pM
0.047 pM

(EC50

=

2.44 ± 0.64 pM compared to 0.085 ±

for PGE2, n=8) (Figure 3.3d).

Sulprostone inhibited ECP release, giving
37.3 ± 17.9% at 10 pM
0.087 pM

(EC50

a

maximum inhibition of

5.25 ± 1.84 pM compared to 0.145 ±

=

for PGE2, n=6) (Figure 3.4.a).

GR 63799X inhibited ECP
30.1 ± 6.8% at 10

release, giving

maximum inhibition of
pM (EC50 of 0.89 ± 0.5 pM compared to 0.04 ± 0.01
a

pM for PGE2, n=8) (Figure 3.4.b).
M&B

28,767 (cells were treated with the thromboxane antagonist GR

32191, lOpM) inhibited ECP release, giving a maximum inhibition of
24.23 ± 8.51% at 10 pM
0.05 pM

(EC50 of 8.61 ± 4.0 pM compared to 0.11 ±

for PGE2, n=4) (Figure 3.4c).

17-phenyl PGE2 inhibited ECP release, giving
of 48.4 ± 9.5% at 10 pM
0.007 pM

for PGE2, n=4) (Figure 3.4d).

as

Butaprost and AH 13205

were very

so

effect

were

curve

butaprost
the left

maximum inhibition

(EC50 of 6.65 ± 0.48 pM compared to 0.052 ±

c)Butaprost and AH 13205
and

a

tested for

for PGE2

or

partial agonists
weak inhibitors of ECP release,

partial agonist activity.

was

The concentration-

determined in the presence and absence of

AH 13205 (10 pM). AH 13205 shifted the PGE2-curve to

increasing the maximum inhibition from 59.13% to 70.35%

(n=2) and decreasing the EC50 value to 0.001 from 0.058 pM). Less of
an

effect

was

observed

with

butaprost, the maximum inhibition

increasing to 62.29% from 59.31% for PGE2 and the EC50 decreasing
to 0.032 from 0.058

3.3.3-Effect of

pM (n=2, Figure 3.5).

EP-receptor antagonists on the inhibition of ECP

release

a)AH 6809
Inhibition of ECP release
was

by the EP3/EP1-receptor agonist GR 63799X

tested in the presence

of the EPi/DP-receptor antagonist, AH
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6809

(10

|uM,

significance

period of

pre treatment

minutes).

10

Although

not reached for the whole data (p>0.05, Anova)

was

(Figure 3.6), AH 6809 did reduce the maximal effect of GR 63799X at
10

gM, from 30.15 ± 6,84% to 15.4 ± 7.23% inhibition, n=4, (p<0.005,

t-test).

b)AH 23848B
The EP4 receptor
a

antagonist, AH 23848 (10 jiM, 10 minutes), induced

significant potentiation (p<0.05, Anova) of the inhibition of the ECP

release

produced by PGE2.

Maximum inhibition of ECP release

was

increased to 65.03 ± 12.41% from 54.13 ± 4.46% in the presence
AH

23848B

(EC50S of 0.005 ± 0.003pM and 0.048 ± 0.015pM,

respectively, n=4).
induced

of

AH 23848B itself inhibited the release of ECP

by FMLP by 13.84 ± 11.50% (Figure 3.7).

c)GR 32191
As indicated
TP

above, 3.3.2 (b), this antagonist

was

used to inhibit the

receptor activity of M&B 28,767 and so no PGE2 control was

performed in these experiments.
that when PMNs

PGE2

was

were

However, it is interesting to note

pretreated with GR32191 (10pM), the EC50 of

found to be 0.11 ± 0.05|uM and PGE2 caused a maximum

inhibition of 39.63 ± 9.37% at 10juM
of 51.5 ± 2.27% inhibition at

0.02|uM,

n =

a

(n=4) instead of

a

concentration of lOpM

maximal effect
(EC50

=

0.08 ±

38).

3.3.4-Inhibition

of ECP release

observed

with

drugs affecting

cAMP

a)-Effect of IBMX
IBMX

on

the inhibitory effect of PGE2

(O.l-lOOpM) caused

release

concentration-related inhibition of ECP

giving 13.5 ± 10.2% and 13.8 ± 2.8%, at 1 and lOpM,

respectively

(n=4)

concentration

(Figure

of

lpM,

concentration-effect

Anova).

a

curve

Significance

was

3.8).

IBMX

At
did

for PGE2

the
not

submaximally
significantly

effective

affect

the

(Figure 3.9) (significance: p>0.05,

only achieved at 10pM (p=0.011, t-test)

(ECsos of 0.08 ± 0.07(iM for PGE2 and 0.02 ± 0.014pM when treated
with IBMX

(n=4).

5.95 ± 6.77%

IBMX (lpM) inhibited the FMLP-response by only

(n=3).
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b)-Effect of the specific phosphodiesterase type IV inhibitor, rolipram
The

specific type IV inhibitor rolipram, used at lOnM, lpM and 10|uM

significantly (p<0.05, Anova) shifted the concentration-effect curve for
PGE2

the left (EC50S for PGE2

to

of 0.01 ± 0.004|uM, 0.0052 ±

0.0017pM and 0.0075 ± 0.0031|uM respectively, EC50 for PGE2 alone
was

0.135 ±

1.83%

±

0.05]uM), and increased the maximum inhibition to 62.66

(n=4), 83.70 ± 3.32%, 80.65 ± 3.46% respectively compared

to 46.71 ± 4.46%
a

variable effect

± 13.53%

for PGE2 alone

on

the

(all n=4) (Figure 3.10). Rolipram had

FMLP-response provoking

when used at lOnM, and

an

increase of 9.28

inhibiting the FMLP-response by

24.93 ± 26.68% and 20.93 ± 13.53% at lpM

and lOpM respectively

(n=4).

c)-Effect of the adenylate cyclase inhibitor, SQ 22,536
The

adenylate

cyclase

inhibitor

SQ

22,536

(O.lmM,

10

significantly (p<0.05, Anova) shifted the concentration-effect
for PGE2 to the

left, giving

an

min)
curves

EC50 for PGE2 of 0.002 ± 0.0004 pM

(n=4) compared to 0.02 ± 0.018pM without SQ 22,536, with
maximum of 71.89 ± 4.31% inhibition of ECP release
55.67 ± 8.62% for PGE2

effect

on

9.64%

ECP

(Figure 3.11a). SQ 22,536 had

a

compared to
no

significant

release, enhancing the FMLP-response by only 7.74 ±

(n=4) (p>0.01, Anova).

SQ 22,536 did not have any effect on the inhibition produced by

misoprostol, giving

a

maximum inhibition of 79.16% in absence of SQ

22,536 and 77.48% in the presence of SQ 22,536 (n=2) (ECsos= 1.12
and

0.89) (Figure 3.11b).

d)-Effect of the protein kinase A inhibitor Rp-cAMPs
Furthermore, the protein kinase A-inhibitor, Rp-cAMPS (lOpM) had
no

effect

on

inhibition due to PGE2, PGE2

inhibition of 48.9 ± 3.1%
and

an

a

maximum

compared to 49.94 ± 7.35% for PGE2 alone

EC50 for PGE2 with Rp-cAMPS

to 0.04 +

(lOpM) giving

of 0.017 ± 0.009 pM compared

0.017pM for PGE2 alone, n=4) (Figure 3.12).(p>0.05, Anova).
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3.3.5- Inhibition of

superoxide anion generation in

mixed PMN

a

population
Before
was

assaying the ECP release by RIA, superoxide anion generation

measured

as an

additional test of the

This enabled the response

validity of

our

experiments.

of the PMN population to drugs tested to

be determined.

a)Inhibition of superoxide generation by PGE2:

concentration-related inhibition of

PGE2

(0.001-10|uM) produced

FMLP

(30nM)-induced superoxide anion generation, causing 80.19 ±

2.25% inhibition at
n =

a

a

concentration of lOjuM

(EC50

=

0.063 ± O.OlpM,

27) (Figure 3.13).

b)Inhibition of superoxide generation by selective EP-agonists:
Butaprost inhibited O2" production, giving
22.75

±

5.18

%

at

maximum inhibition of
10pM (EC50 >10|uM compared with 0.015 ±
a

0.004pM for PGE2, n=4) (Figure 3.14a)
AH 13205 inhibited O2"

47.5 ± 6.97 % at 10pM
for

PGE2 n=4) (Figure 3.14b).

Misoprostol
at

production, giving a maximum inhibition of
(EC50 >10juM compared with 0.11 ± 0.048pM

was

lOpM, giving

a

less potent than PGE2 but

more

effective than PGE2

maximal inhibition of 89.27 ± 3.62% (EC50 of 0.31 ±

0.02pM compared with 0.09 ± 0.03|uM for PGE2,n=4) (Figure 3.14c).

11-deoxy
inhibition

PGEX
of

inhibited

74.16

±

production,

O2"

8.52%

at

10pM

giving

a

maximum

(EC50 of 1.11

± 0.27pM

compared with 0.067 ± 0.007|uM for PGE2, n=6). (Figure 3.14d).

Sulprostone had

a

small inhibitory effect

maximum of 9.83 ± 5.88% at
0.015 ±

O2" production, giving

a

IOjuM, (EC50 >10pM compared with

0.004pM for PGE2, n=4) (Figure 3.15a).

GR 63799X inhibited O2"

44.21 ± 8.12% at
±

on

production, giving

a

maximum inhibition of

10pM (EC50 of 1.06 ± 0.67pM, compared with 0.087

0.04pM for PGE2, n=4). (Figure 3.15b).
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17-phenyl-co-trinor PGE2
11.75% at

maximum inhibition of 65.5 ±

a

gave

lOpM (EC50 of 1.45 ± 0.58|uM, compared with 0.087 ±

0.04|uM for PGE2, n=4). (Figure 3.15c).

of

3.3.6-Inhibition

superoxide anion generation observed with

drugs affecting cAMP

a)Effect oflBMX on the inhibitory effect ofPGE2
IBMX

(lpM), did not affect inhibition of O2" production produced by

PGE2 (Figure 3.16) (p>0.05, Anova). Indeed exactly the same ECs0s of
0.012 ±
on

its

0.006pM for PGE2
found

own were

on

cells treated with IBMX and for PGE2

(n=4).

b)Effect of the phosphodiesterase IV inhibitor rolipram
The selective

phosphodiesterase IV inhibitor, rolipram, used at lpM

and

did

lOpM

not

concentration-effect

significantly

curve

Anova) shift the
the left ( EC50S of 0.088 and
(p>0.05,

for PGE2 to

0.005pM respectively compared to 0.016 for PGE2, n=2), and did not
increase the maximum inhibition

(66.29% and 67.81% respectively

compared to 66.12% for PGE2) (Figure 3.17b).
usesd

significantly

lOnM,

at

concentration-effect
0.0025 ± 0.000

curve

(p<0.05,

for PGE2

to

However, rolipram

Anova)

shifted

the

the left (EC50 for PGE2 of

pM compared with 0.063 + 0.01 pM for PGE2 alone,

n=4) and increased the maximum inhibition to 94.1 ±4.1 % from
83.3 ± 9.64% for PGE2

alone, at lOpM (Figure 3.17a).

cjEffect of adenylate cyclase inhibitor SQ 22, 536
In the presence
10

of the adenylate cyclase inhibitor, SQ 22,536 (O.lpM,

min) the concentration-effect

shifted to the left
97.75 ± 1.42% at

its own,

with

PGE2 alone

an

curve

for PGE2

(p< 0.05, Anova) giving

a

was

significantly

maximum inhibition of

lOpM (n=6), instead of 86.62 ± 5.34% for PGE2

on

EC50 <0.00lpM compared with 0.045 ± 0.015pM for

(Figure 3.18).

djEffect of the Protein kinase A inhibitor Rp-cAMPS
The

protein kinase A inhibitor Rp-cAMPS (lOpM) did not significantly

shift the concentration-effect

(n=4).

The EC50 obtained

was

for PGE2

(p>0.05) (Figure 3.19)
0.022 ± 0.004pM for PGE2 in cells

curves
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treated with
for PGE2 on

Rp-cAMPS compared with an EC50 of 0.056 ±
its own.
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0.01 1|tM

3.4-DISCUSSION

The aims of this

study

characterise the subtype(s) of EP-

were to

receptor present on the eosinophil surface involved in the inhibitory
effect of PGE2 on these cells and to test the
the second messenger

ECP is found

total

amount

mediating this inhibition.

mainly in the eosinophil.
of

hypothesis that cAMP is

ECP

and

EDN

neutrophils (Rosenberg et al,

Indeed, only 1 to 2% of the

have

found

been

in

present

1989), and has been found to be

representative of the stage of activation of these cells (Dahl et al.,
1978; Venge & Carlson, 1990).
was

chosen to

Measurement of ECP release by RIA

quantitatevly indicate the activation of the eosinophil.

3.4.1- Characterisation of the

inhibitory EP-receptor

on

human

eosinophils
afRelative potency of agonists
Involvement

ofEP2 receptors?

PGE2 (0.001-10 pM)
the ECP release with

produced
a

a

concentration-related inhibition of

maximum inhibition of 51.5 ± 2.3 %.

The EP2

receptor selective agonists, butaprost, AH 13205, misoprostol and 11-

deoxy PGEi
release

were

all less potent than PGE2

as

inhibitors of ECP

giving EEC values of >300, 190, 8.2 and 95, respectively.

This does not agree

well with the relative potency of these agonists

EP2 receptor containing preparations
EEC values of 6-30,

on

(Nials et al., 1991; 1993) where

30-100, 1-4 and 2-5, respectively have been

reported.
Involvement
As well

as

of EP3 receptors?

having EP2 receptor agonist activity, misoprostol is also

a

potent agonist at EP3 receptors, giving an EEC value of 0.2-1.0 on
EP3 receptor

containing preparations (Reeves et al., 1988; Coleman et

al., 1988; Bunce et al., 1990; Lawrence et al., 1992).
agree

these

well with the EEC value of 8.2 found here.

experiments,

sulprostone

gave

sulprostone has been shown to be
of the

guinea-pig

vas

a

an

This does not

Furthermore, in

EEC of 232, whereas,

potent agonist at EP3 receptors

deferens, EEC= 0.15, PGE2

=

1 (Coleman et al.,

1987) but shows weak activity at EP2 receptors of the cat trachea,
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EEC>7000

(Coleman et al.,

1988)

EP4 receptors of the pig

or

Similarly, M&B
28,767 and GR 63799X have been reported to give EEC values of 0.6
saphenous vein, EEC>3000 (Coleman et al., 1984).

and

respectively in

0.1,

EP3

containing

receptor

preparations

(Lawrence et al., 1992; Bunce et al., 1990), compared to EEC values
of 131 and 25.5,

involvement of

respectively here. These results do not support the
EP3 receptor.

an

The EP3/EP1 agonist sulprostone

(Figure 3.4a), the EP3/EP1 agonist GR 63799X (Figure 3.4b) and the
EP3/TX agonist M&B 28,767 (treated with
GR 32191,

a

thromboxane antagonist

lOgM) (Figure 3.4c), all show inhibitory activity but are all

weaker than

Involvement

expected to suggest activation of EP3 receptors.
of EPi receptors?

17-phenyl PGE2 has been shown to be potent agonist at EPi
receptors, but not at EP3 receptors giving EEC of 1 in EPi receptor

containing preparations (Lawrence et al., 1992). Sulprostone
EEC of

232, whereas it has been shown to be

a

gave an

potent agonist at EPi

receptors of the guinea-pig fundus, EEC=2.5, PGE2=1 (Coleman et al.,

1988). The EEC value of 44.4 obtained here for 17-phenyl PGE2,
well

as

the

weak

as

activity observed with sulprostone would not

support the involvement of an EPi receptor.
Involvement

of EP4 receptors?

Recent studies found
cause

11-deoxy PGEi, butaprost and AH 13205 to

relaxation in the

EECs of

pig saphenous vein (Milne et al., 1995), giving

2, 42, and 6600 respectively, suggesting 11-deoxy PGEi is

a

potent agonist on EP4 receptors.

Our results would not suggest the

involvement of EP4 receptors as

these

values of

The fact that
ECP

gave

EEC

95, >300 and 190 respectively.

bjButaprost and AH 13205
the

compounds

same

as

partial agonists?

butaprost and AH 13205

release

in

a

mixed

were

population, made

possibility that these compounds to act

preparation.

such weak inhibitors of

as

us

consider the

partial agonists in this

The results obtained however, did not support this

hypothesis since

no

antagonism

was
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observed, rather

a

shift to the

left of the PGE2 concentration-effect curve in the presence

of either

agent, indicative of an additive effect.

c)Effect of EP-receptor antagonists

on

inhibition ofECP release

AH 6809

GR 63799X has been shown to possess

(Bunce et al, 1990)

as

well

as

EPi receptor agonist activity

EP3 receptor activity.

In order to

elucidate if the effect observed with GR 63799X is due to EPi receptor

agonist activity, the cells

were

AH 6809 did significantly inhibit the

antagonist AH 6809 (10pM).
maximal response

pre-treated with the EPi/DP-receptor

induced by GR 63799X at 10pM.

This would

suggest that only at this concentration the effect observed with GR
63799X is at least in part
6809 has also been

due to its activity

on

EPi receptors.

suggested by Keery & Lumley (1988) to

antagonist activity at TP receptor in human platelets.
that GR 63799X at

AH

possess

It is possible

high concentration has inhibitory effects mediated

through TP receptors which could, therefore, be antagonised by AH
6809,

though earlier work

even

TP receptor

on

smooth muscle would not support

antagonist activity of AH 6809 (Coleman et al., 1985).

However, it has to be pointed out that
63799X is
draw any

an

effect of AH 6809

on

GR

only observed at lOgM GR 63799X making it difficult to

kind of conclusion.

AH 23848B
AH

23848B

has

been

described

as

an

EP4-receptor

antagonist

(Coleman et al., 1994). AH 23848B (lOpM) did not block the effect of
PGE2

on

the ECP release but significantly potentiated it.

phenomenom

was

observed in

our

previous studies

This
on

same

human

neutrophils where AH 23848B (lOpM) potentiated the effect of PGE2
and

butaprost. The
(Milne

monocytes

same

et

effect has also been observed in the human

al.,

1995)

and

in

human

T-lymphocytes

(Woodward, personal communication).
The mechanism
release and
not clear.

by which AH 23848B potentiates inhibition of ECP

superoxide anion generation by EP receptor agonists is

One

possibility is that AH 23848B acts
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as an

inhibitor of

phosphodiesterase, like rolipram, particularly

AH 23848B also

as

potentiated the inhibition of superoxide anion generation in the
human

neutrophils

induced

by

the

mimetic

adenosine

NECA

(Chapter 2).
However,

effect of AH 23848B

an

considered

this

since

thromboxane receptor
et

on

compound

TP-receptors should also be

first

was

described

treated with the

a

antagonist with weak agonist activity (Coleman

The results obtained for PGE2 when the PMNs

al., 1990).

were

EPi/TP antagonist GR 32191 (see below) and the

EP1/DP antagonist AH 6809, would support the
receptors in this preparation.
two

as

presence

of TP

The results obtained with these last

compounds would suggest the involvement of inhibitory TP-

receptors whereas the cloning of TP-receptors has shown them to be

activatory receptors (Pierce

al.,

et

The potentiation of

1995).

superoxide anion generation by AH 23848B
human

monocytes could

on

PGE2 observed in

also be explained by the

presence

of

inhibitory receptors (Milne et al., 1995). Therefore, the mechanism by
which the
still

antagonists, AH 23848B, AH 6809 and GR 32191, act is

unclear,

and

further

studies

are

necessary

in

order

to

understand it.

3.4.2-The

involvement of intracellular cAMP in the

effects of EP

receptor agonists

The activation and inhibition of

different

inhibitory

eosinophils

be mediated by

seem to

signal-transduction pathways; while activation of human

eosinophils

seems to

involve

a

Ca2+-dependent pathway (Kita et al.,

1991a; 1991b; Wymann et al., 1995), inhibition of activity has been
associated with

Both

Ca

2+

a

and

degranulation

cAMP-dependent mechanism (Kita et al., 1991a).
Mg

after

2+

have

studies

been
on

the

reported
ECP

to

be

release

eosinophils (Aizawa et al., 1993). PAF and C5a

were

involved
from

in

human

found to induce

degranulation through an increase in intracellular concentrations of
Ca2+ (Kernen et al., 1991; Kroegel et al., 1991). In addition, studies
on

the

human

guinea pig eosinophil (Cromwell et al., 1991) and then

on

the

eosinophil (Aizawa et al., 1993) showed that G proteins

are

122

implicated in the degranulation.

A recent study suggests that

protein tyrosine
(PTK) couple cell surface receptors to PLC (Harnett 86 Rigley,
This could involve different PLC isoforms.
Sometimes

guanine nucleotide-binding proteins (G proteins)
kinases

1992).

activation of PLC is sensitive to PTx which
Go-a subunits

(Gilman, 1987).

induces the activation of
to the

a

G

or

ADP-ribosylates Gi- and

The binding of

ligand to receptor

a

protein, which activates the PLC leading

in turn
increase Ca
and activate protein kinase C (Abdel-Latif, 1986; Shute
et
ah, 1990).
Kita and coworkers (1991) and Okajima and
collaborators (1985) showed FMLP and antibodies (IgG and slgA) to
production of DAG and IP3. These second
9

induce
a

early activation of PLC in human eosinophils, and showed

an

concomitance

sensitive G

between

the

increases

in

PLC

activity and the

This would be through the activation of

degranulation.
results

messengers,

,

a

PTx-

protein (Okajima et al., 1985; Kita et ah, 1991). The

same

found when the

were

eosinophils

were

activated with the

complement factor C5a (Wymann et ah, 1995). Both G-proteins have
been found present

cholera-toxin

stimulated
Souness 85

or

in eosinophils (Agrawal et ah, 1992). The effect of

PTx

were

tested

eosinophils (Kita et ah,
Scott, 1993).

and to inhibit PLC

PTx

was

FMLP-, PMA-, IgG- or slgA-

on

Souness et ah,

1991;

found to inhibit the degranulation

activity, suggesting the involvement of

in the transduction system

1991;

a

G protein

leading to the activation of eosinophil

(Okajima et ah, 1985; Kita et ah, 1991; Honda et ah, 1991; Wymann
et

ah, 1995).

existence of

However, Kroegel and coworkers (1991) suggested the
a

PTx-sensitive and

a

PTx-insensitive

pathway for the

respiratory burst in guinea-pig eosinophils stimulated with PAF
Recent studies

suggested the existence of different pathways for the

respiratory burst and degranulation.
linked to

a

Ca2+-,

PKC-independent

Gi-protein might be involved in the respiratory burst

(Wymann et ah, 1995).
release

A

suggest

that

On the other hand,

degranulation

might

studies

be

on

through

the MBP
a

Ca2+-

independent pathway (Kita et ah, 1995).
In the

neutrophil, FMLP has recently been reported to act through

tyrosine kinase pathway (Naccache et ah,
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1990)

as

well

as

a

C5a

(Richard et al., 1994), and
in

G protein is likely to be involved as found

previous study (Dohlman et al., 1987). Tyrosine kinases have been

shown to activate PLC in
et

a

lymphocytes (Meisenhelder et al., 1989; Kita

al., 1994; Kato et al., 1995).

Kato and collaborators suggested

close correlation between PTK activation and

a

degranulation in the

IgG-and slgA-beads-stimulated eosinophil (Kato et al., 1995), and
that

once

activated, PTK will stimulate PLC.

be involved in cellular events,

such

as

PTK has been shown to

cell proliferation (Perlmutter et

al., 1993; Chan etal., 1994; Cambier etal., 1994).
Another

pathway should also be considered after

study

a recent

showing that phospholipase A2 could also be implicated in the

suggested after work with bovine

respiratory burst.

This

eosinophils,

where AA and its metabolites play

in the

a system

was

active role

an

regulation (Aebischer et al., 1993).

Furthermore, it is important to note that only low levels of cGMP have
been

detected

messenger

in

the

eosinophil,

that

suggesting

this

second

not play an important role in the regulation of

may

eosinophil functions (Souness et al., 1991) at least in the guinea-pig.
However,
have

differences between guinea-pig and human eosinophils

been

detected,

chemoattractants;
whereas human

such

as

the

difference

guinea-pig eosinophils respond
eosinophils to PAF.

so

any

findings

on

activity of

more

LTB4

to

Functional and metabolism

differences have been observed between the two

1991), and

of the

species (Sun et al.,

guinea-pig eosinophils should be

interpreted with caution.
Bourne and collaborators first

suggested

a

role for cAMP in

a

mixed

population of PMNs after studying the inhibition of histamine release
by PGEi, PGE2, catecholamines and histamine in human PMNs,

comparison of the effects of agents which mimic
intracellular levels of cAMP

this idea

was

human PMNs

derived
after

or

increase the

(Bourne et al., 1972). Further support for

by measuring

treatment,

an

increase in cAMP levels in

PGEi and PGE2.

This work

was

supported by further study by Bourne and coworkers who compared
the effects of

compounds which activate adenylate cyclase with PGEi
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(Bourne et al., 1973). This was followed by another suggestion being
that the stimulation

by PGEi would increase the intracellular cAMP

levels and block the
mast cells

Ca2+

seem

to

be

it had been observed in the

as

(Hubscher, 1977). A few

did not

anion

degranulation,

years

later, the observation that

required for the inhibition of superoxide

generation (Kroegel et al.,

1988), left cAMP as

a

possible

pathway.
Agents which increase the intracellular levels of cAMP through the
of

stimulation

adenylate

cyclase

the

or

inhibition

of

phosphodiesterase have been used in the treatment of asthma and
allergic disorders thus supporting

role for cAMP in the inhibition of

a

eosinophil activation (Reed, 1985).
the

inhibition

of

eosinophil activation,

increase in cAMP levels in

a

role of cAMP in

study showing

an

degranulation (Kita et al., 1991), these

being enhanced when the cells

small amounts of cAMP

was

a

eosinophils after treatment by IgG, and

concomitant inhibition of the

effects

In support for

seem

were

treated with IBMX.

be necessary to

to

Only

activate cAMP-

dependent protein kinase to inhibit superoxide anion generation in
the

guinea pig eosinophil (Souness et al., 1991).

In addition, p-

adrenoreceptor agonists inhibited the eosinophil respiratory burst, at
least

In

partially, through

an

an

effect

on

cAMP (Hadjokas et al., 1995).

attempt to test the hypothesis that cAMP acts as the second

mediating inhibition induced by EP receptor agonists of

messenger

eosinophil respiratory burst and degranulation, I investigated the
effect of

combining compounds which

levels of cAMP with

First

of

all,

we

phosphodiesterase
concentration of
IBMX

a

and

looked

human

the

at

effect

inhibitor IBMX.
lpM for IBMX
any

was

The

of

the

submaximally effective

chosen for the experiments.
The

presence

curve

of PDE IV has

guinea-pig (Dent et al., 1991; Souness et al., 1991)

eosinophils (Giembycz et al., 1994).

inhibits PDE IV,

non-selective

shift of the concentration-effect

mixed population of PMN.

been shown in

affect the intracellular

EP-receptor agonists.

(lpM) did not induce

for PGE2 in

can

Since rolipram

blocking the breakdown of the cAMP, in the
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case

of

a

positive coupling of PGEa-cAMP,

a

potentiation of the inhibition

observed with PGE2 would be observed when the cells
treated with
for PGE2

were

pre-

rolipram. A significant shift to the left of inhibition

seen

was

observed when rolipram was used at lOnM both in the

ECP release and the

affect the

superoxide anion experiments. Rolipram did not
This would suggest

FMLP-response at this concentration.

the involvement of the PDE IV in the inhibition of the
anion

generation and the ECP release in

a

superoxide

mixed population of PMNs.

However, at higher concentrations of rolipram (lpM, lOpM) no such

potentiation of the PGE2 inhibition
Additional
inhibitor
the left

studies

was

observed.

performed using the adenylate cyclase

were

SQ 22,536 (Harris et al., 1979), where
was

a

significant shift to

observed for the concentration-effect

curve

for PGE2.

However, SQ 22,536 when tested with the EP2/EP3-receptor agonist

misoprostol, had
the

no

effect. The observation with PGE2 is contrary to

expected result if cAMP

In contrast,
gave

was

the second

messenger

in this system.

SQ 22,536 when used in human neutrophil preparations,

shift to the right of the PGE2 concentration-effect

a

consistent with block of

curve,

adenylate cyclase and the effects of PGE2

being mediated through elevation of intracellular levels of cAMP.

A

potentiation of the inhibition produced by PGE2 has also been
reported for chemotaxis of human neutrophils when treated with SQ
22536

(Armstrong, 1995), and for human monocyte superoxide anion

generation (Milne, personal communication).

Cyclic AMP has been shown to have
namely,

a

major intracellular receptor,

the regulatory subunit of the serine-threonine kinase,

protein kinase A (PKA) (Taylor et al., 1990). The binding of cAMP to
this subunit induces the release of the active

protein kinase.

catalytic subunit of the

This activation of PKA induces the uncoupling of

receptors to phospholipase C (PLC), resulting in the inhibition of

agonist-dependent increases in intracellular free Ca
(Takayama et al., 1988) in other cell types.
functions could be inhibited
the

by PDE inhibitors

2+

Thus
or

concentrations

Ca2+-dependent

PKA activators (in

guinea pig eosinophils) (Souness et al., 1991). This phenomenom
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in

works

synergy

with

the

cAMP

effect,

to

inhibit eosinophil

activation.

PKA

has been

shown to

be inhibited

by Rp-cAMPS.

One might

expect, therefore, that in the presence of Rp-cAMPS, PLC will not be

separated from the receptors, leading to continued ECP release
through the Ca2+-/PKC-dependent.

Therefore, the effect of the PKA

inhibitor, Rp-cAMPS (Musgrave et al., 1993) on the effects of PGE2
the inhibition of

superoxide generation and ECP release

No decrease of the effect of PGE2 on

whereas

would

we

expect the opposite result in the case of the

signal-transduction

However, the selectivity and efficacy of Rp-cAMPS is

pathway.

questionable,

as

it failed to affect inhibition by PGE2 of superoxide

production from FMLP-stimulated neutrophils.

investigate the hypothesis of
these

studied.

the degranulation was observed,

involvement of PKA and therefore of cAMP in this

anion

was

on

an

Therefore, to

involvement of PKA in eosinophils,

experiments should be repeated using the PKA inhibitor, H-89,

which did block inhibition
FMLP-stimulated

by PGE2 of the superoxide generated by

neutrophils.

These recent studies and results reveal the
of this

high level of complexicity

signal-transduction pathway where all the elements involved

in it appear to

be linked in

an

intricate

manner

resulting in

a

fine and

subtle mechanism.

So, among all the experiments performed in an attempt to elucidate
the existence of

a

causal link between

cyclic AMP and and PGE2, the

potentiation obtained with rolipram (lOnM), would support
coupling.
as

a

positive

The results obtained with all the others compounds such

SQ 22,536 and IBMX, do not support cAMP as the second

messenger.

However, further studies should be carried out with

selective and potent
transduction

more

compounds to be able to identify the signal-

pathway of these eosinophils.
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3.4.3-Comparison of the superoxide anion generation in PMNs
stimulated with lOOnM and 30nM FMLP
The EP

agonists showed similar profiles of inhibitory activity

FMLP concentrations
more

One

(30 and lOOnM) used.

However, they

both

were

all

potent against the lower concentration of FMLP (See Table 3.4).

explanation for this shift to the left of concentration-effect

would be that the cells

FMLP,
similar

an

are

fewer inhibitory receptors need to be occupied to induce

inhibitory

measurement

population

was

in the PMNs

response.

of

This is

an

not release

the

a

superoxide

a

example of physiological

smaller activation.
in

generation

this

PMN

useful, allowing the activity of the neutrophils present

preparation to be measured, alongside the measurement

of the ECP release from

PGE2 and

curves

less activated when stimulated with 30nM

antagonism, where it is easier to inhibit
The

on

eosinophils.

Thus, although neutrophils do

ECP, they were stimulated by FMLP and inhibited by

EP-agonists. Products released from activated neutrophils

might influence the
be considered

as

response

of eosinophils, suggesting they

may not

silent cells.

3.4.4-Comparison of the superoxide generation and the ECP
release in
All

the

a

mixed

population of PMNs

compounds tested show

a

similar order of potency at

inhibiting ECP release and superoxide anion generation in

a

mixed

population of PMN (see Tables 3.5 and 3.6). A comparison of the
EC50s and the maximum inhibition of the superoxide anion
generation and the ECP release by EP-receptor agonists in

a

mixed

population of PMNs stimulated with FMLP (30nM) is given in Table3.5
A

comparison of the EECs of the EP-receptor agonists

superoxide anion generation and

the

as

ECP release

inhibitors of
in

a

mixed

population of PMNs stimulated with FMLP (30nM) is made in Table
3.6.

The

EPi/EP3-receptor agonist sulprostone showed

and

10pM

on

the ECP release, whereas
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no

effect

was

a response at

observed

on

1

the

superoxide anion generation. The EECs observed
and >100 for
at

these

were

232 for ECP

superoxide generation. However, these effects observed

concentrations made

me

question the selectivity of this

The EPa/EPi-receptor agonist GR 63799X (Bunce et al.,

compound.

1990) caused

converse

effects being

more

potent at inhibiting O2"

generation than inhibiting ECP release, with respective EEC values of
12.2 and 25.5.

The

EPi-receptor agonist, 17-phenyl-PGE2 showed similar profile

both responses,

on

with EECs of 44.4 for ECP release and 37 for 02~

generation.
The

results

obtained

in

between ECP release and
these

population of PMN showed differences

a

experiments to identify

a

subtype of the EP receptor responsible

for either inhibition of ECP release

Since the percentage

neutrophils,
from

or

O2"

production.

of eosinophils is much smaller than that of

consider the superoxide measured being mainly

we can

neutrophils.

It is difficult from

superoxide generation.

Another point to bear in mind is the fact that,

although FMLP is commonly used to stimulate O2" generation in
human

neutrophils, it has been shown to be

superoxide

anion

generation

from

a poor

eosinophils

stimulant for

where

C5a

is

preferentially used for this

purpose

al.,

1989). These results demonstrate that

1986;

neutrophils

Morita et al.,
are not

(Shute et al., 1990; Wardlaw et

inactive and quiet in this PMNs preparation.

In order to determine if the results obtained with

of PMN represent
were

repeated in

the eosinophil activation, the
a

pure

a

mixed

same

population

experiments

population of eosinophils (described in

chapter 4).
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Flow diagram 3.1: Isolation of the human PMN and measurement of the ECP release

supernatant-

citrated

mononuclear cells
PMN

human blood

methyl
»cellulose/hypaque

s

ficoll-paque-

J

u

red cell

pellet

centrifugation

45 min

400g/20min/20°C

The

eosinophils/neutrophils

Cells

were

were

washed twice

counted, and the % of eosinophils determined

microscopically using Leishman's stain

adenosine deaminase

cytochalasin B
EP agonist
cells

incubation

incubation

10 min / 37°C

10 min / 37°C

T
stop reaction by

add FMLP (30 nM)

centrifugation

1-Spectrophotometric
2-ECP release

was

assay

of the superoxide generation

assayed by

a

radio-immuno

assay

kit

(Pharmacia)
3-Results

expressed

as

% inhibition of the FMLP
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response

Table 3.1: Set-up for ECP extraction

Tubes

Description

EP agonists

Buffer

Cells

/Ml

/id

/Ml

100

400

50

400

50

400

50

400

50

400

50

400

50

400

50

400

50

400

50

400

50

1-3

Blank

4-6

Control

7-9

PGE2 InM

50

-

10-12

PGE2 lOnM

50

-

13-15

PGE2 lOOnM

50

16-18

PGE2 l^M

50

19-21

PGE2 10)iM

50

2-24

Control

25-27

EP-agonist InM

50

28-30

EP-agonist lOnM

50

-

-

-

-

-

-

50

-

-

FMLP

(300nM)

/Ml
-

etc...

10 min. at 37°C
10 min. at 37°C
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Table 3.2: Set-up for ECP assay:

Ml
TUBES

TRACER

(jul)

ANTI-ECP(jul) 2ndANTIBODY(jul)

(x2)

SAMPLE

10

10

10

200

Blank

20

10

0

200

0

10

0

0

Total count
Standard

curve:

0

j^g/1 standard

10

10

10

200

2

|ig/l standard 10

10

10

200

5

|ug/l standard

10

10

10

200

|ig/l standard 10

10

10

200

15

100

jig/1 standardlO

10

10

200

200

jig/1 standardlO

10

10

200

1 h. at 37°C

30 min at 20°C

1

Table 3.3: Set-up for superoxide anion extraction:

Tubes

Description

EP agonists

Buffer

Cells

/Ml

/Ml

/Ml

100

400

50

400

50

400

50

400

50

400

50

400

50

400

50

400

50

400

50

400

50

1-2

Blank

3-4

Control

5-6

PGE2 InM

50

7-8

PGE2 lOnM

50

9-10

PGE2 lOOnM

50

11-12

PGE2 lpM

50

13-14

PGE2 10(iM

50

15-16

Control

23-24

EP

agonist InM

50

25-26

EP

agonist lOnM

50

-

-

-

-

-

-

-

-

50

-

-

FMLP

(30nM)

/Ml

-

etc...

10 min. at

37°C
30 min. at 37°C

i3>2>

Table 3.4: Comparison of the inhibition of superoxide anion generation
in

a

mixed population of PMNs, stimulated by 30nM and lOOnM of

FMLP, respectively:

FMLP 30nM

FMLP lOOnM

EC50 (pM)

EC50 (pM)

0.063 ± 0.01

0.15 ± 0.03

butaprost

>10

>10

AH 13205

>10

>10

0.31 ± 0.02

0.35 ± 0.1

1.11 ± 0.27

0.5 ± 0.2

sulprostone

>10

>10

GR 63799X

1.06 ± 0.67

2.09 ± 1.9

17-phenyl PGE2

1.45 ± 0.58

16.9 ± 8.4

PGE2

misoprostol
11-deoxy PGEi

PGE2 + IBMX (IjiM)

0.012 ± 0.006

-

0.002 ± 0

0.015 ± 0

PGE2 + SQ 22,536 (lOOnM)

<0.001

1.9 ± 1.1

PGE2+ AH 23848B (10^M)

<0.001

<0.1

PGE2+ rolipram (lOnM)

PGE2 + Rp-cAMP (IOjiM)

0.022 ± 0.004

—

relas

ECP

and

(inMh%batox)

Comparisfn inarels
Table3.5: ECP

the

51.5 10.6 26.9 86.9 48.6 30.1 37.3 48.4

(pM) 0±. 2
ECso

iEnttthCghasohmaeubnpa^xnrieeeotxfudSd (FP3M0wMsopmLiuxlNalPetfi)d.nd

2±.3 8±.4 4±.4 3±.8 4±.4 6±.0 1±7.9 9±.5

(genratio inh%bto)
Max

4±.31 1±.83 3. 2 3±.46

-

"

71.89 62.6 83.±7 80.65

0±. 7 0±.64 0.5 4±.3 0±. 0±. 4 0±. 1 00±..0735 0±. 14 0±. 9
-

>10

>10

0.32 2.44

0.08

± 10.3

0.0 2

0.9

0.01

2±. 5 5±.18 6.97 3±.62 8±.52 8±.12 5.8 1 .75 1±.42 4.1
80.19 2 .75 47.±5 89.27 74.16 4 .21 9.±83 65.±5

97.75 94.±1

0±. 1

<0. 1

0.019 0.017

0.0 5

6 .29 67.81

-

~

02

(pM)
EC50

>10

>10

0.31 1.11 1.06

0.063

pge2

0±. 2 0±.27 0±.67 0±.58 00±..025
>10

1.45

pgei pge2

(O.lmM)

0.08

0.05

0±. 6 00±..2147
0.012

butaprost 13205 misoprtl 1 -deoxy 6379 x sulprotne 17-phenyl 2 536 lOronlipMam lprolMipam lOroplipMam (IBlpMXM) Rp-cAMP
gr

ah

Cn

sq

Table3.6: Comparison of the EECs of the superoxide anion generation

and the ECP release in

a

mixed population of PMN stimulated with

FMLP (30nM).

02 generation

ECP release

EEC

EEC

pge2

1

1

butaprost

>100

>300

AH 13205

>100

190

misoprostol

6

8.2

11-deoxy PGEX

14.5

95

GR 63799X

12.2

25.5

sulprostone

>100
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17-phenyl PGE2

37

44.4
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Figure 3.1: Log concentration-effect curve for
production of ECP in human PMNs, (n=2).
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Figure 3.2: Log concentration-effect curve for PGE2 on the inhibition
by FMLP (30nM), (n=38).
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1
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curve for EP-receptor agonists
the inhibition of ECP release in human PMNs induced by FMLP

(30nM):
PGE2 (■)
(a) butaprost (A), (n=4)
(b) AH 13205 (•), (n=6)
(c) misoprostol (▼), (n=4)
(d) 11-deoxy PGEt (<>), (n=8).
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Chapter 4- INVESTIGATION OF THE EP RECEPTOR SUBTYPE
MEDIATING

INHIBITION

OF

EOSINOPHIL

CATIONIC

PROTEIN

(ECP) RELEASE, INHIBITION OF SUPEROXIDE GENERATION AND
PRODUCTION OF CYCLIC AMP USING A PURE POPULATION OF
HUMAN EOSINOPHILS.
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4.1-INTRODUCTION

Interactions between
It is known that

eosinophils and other inflammatory cells

platelets, neutrophils, mast cells, endothelial cells, T-

lymphocytes, all appear to be involved in the defence of the organism
to cause

allergic inflammation and asthma, and

each other in order to constitute the

seem to

interact with

complete and effective system.

Several workers have studied the interactions between
and

neutrophils.

Both

contribute to the pathogenesis of

seem to

allergic late phase reactions and
due to interaction.

factors which act in

a part

of this contribution

They both undergo

appropriately stimulated and

eosinophils

a

respiratory burst when

capable of releasing

are

be

may

a range

paracrine and autocrine regulation.

of

It has, for

example, been shown that MBP released from eosinophils stimulated
the

superoxide generation and lysozymes of neutrophils (Moy et al.,

1990)

well

as

as

enhance the expression of CR3 and pi50,95

on

neutrophils (Moy et al., 1993).
Furthermore, eosinophil granule proteins, such as MBP, EPO and
ECP

and

can

activate other

cells, such

as

basophils, platelets, mast cells

neutrophils (see review by Kita et al., 1995).

high concentrations,

are

MBP and EPO, at

known to be cytotoxic for mammalian cells

(Gleich et al., 1992), whereas at lower concentrations they act
activators of
et

a

certain number of

cells, such

as

basophils (O'Donnell

as

al., 1983), mast cells (Henderson et al., 1980; O'Donnell et al.,

1983), platelets (Rohrbach et al., 1990), and neutrophils (Moy et al.,

1990).

ATP, produced by platelets has been shown to have

chemoattractant

effect

for

eosinophils

intracellular concentrations of Ca

suspected

to

modulate

Other

.

inflammatory and allergic

processes

Neutrophils have effects

on

between

increase

platelet products

activity,

the

participating

are

also

in

the

(Burgers et al., 1993).

surrounding cells; they

are

known to

platelets such the cathepsin G and PAF

(Evangelista et al., 1992; Larosa et al., 1994).
interaction

to

9+

eosinophil

secrete factors which activate

and

a

neutrophils

and

The possibility of

eosinophils to

induce

an

the

synthesis and release of prostaglandins cannot be ignored since it
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has been shown that this interaction results in the

biosynthesis of

eicosanoids, important in inflammatory diseases (Maderna et ah,

1993).
The PMN

preparation used in the previous chapter to measure ECP

release contained

a

large percentage of neutrophils (94.71 ± 0.4%,

It is possible that the presence of neutrophils in the

n=19).

preparation has affected

findings, and the diverse actions of

my

neutrophils should, therefore, be considered in the interpretation of
eosinophil activation in this mixed population of PMN.
therefore, desirable to work with

Obtaining

a pure

many years

population of eosinophils.

a pure

population of eosinophils has not been

the only method

was

develop

Several

an

easy,

and for

to separate them by succesive

centrifugation steps using density gradients.
to

It is,

Several scientists tried

easier method to separate eosinophils from neutrophils.

studies

showed it

possible to separate cells using

was

a

magnetic field. In 1975, Melville and collaborators isolated red blood
cells from whole blood
This

was

1983).

using

a

magnetic field (Melville et ah, 1975).

developed by Owen and associates (Owen et ah, 1981;

Molday & MacKenzie expanded

on

this to develop

a

method

using antibody and magnetic beads, and passing the cells in between
a

powerful magnet through

a

steelwool column (Molday et ah, 1977;

Molday 8s Mackenzie, 1982; Molday & Molday, 1984).

This

was

adapted by Hansel and coworkers for the isolation of eosinophils from

neutrophils using neutrophil anti-CD 16 antibodies (Hansel et ah,
1991).
This method

eosinophils.

provides

way

The aim of this

present

are

not themselves

chapter
on

was to

of

a pure

population of

the eosinophil

ECP release in

eosinophils.

an

FMLP

magnetically tagged.

investigate the subtype(s) of EP-

observed inhibition of ECP release
measure

of obtaining

Furthermore, since eosinophils represent the negative

fraction, these cells

receptor

simple

a

surface responsible for the

by PGE2.

For this

(30nM)-stimulated

In order to have
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a

more

purpose, we

pure

population

complete image of the

eosinophil activation and the effects of PGE2, another aspect of the
eosinophil activation, the respiratory burst,
C5a

(3xl0 8M)-stimulated

cAMP

was

as a

the

inhibit eosinophil activation.

measurement

of the

ECP

release

presence

in

eosinophils.

activation

can

a

pure

of neutrophils in

preparation of mixed PMNs previously used, affected the

of the

Lastly,

population of eosinophils treated

population of eosinophils will reveal if the
the

a

analogues in attempt to test the hypothesis that cAMP

second messenger to

Furthermore,

also examined in

population of eosinophils.

measured in the pure

with PGE and
acts

pure

was

response

This will determine if the study of eosinophil

be carried out in

a

mixed
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population of PMNs.

4.2-METHOD:

4.2.1-Isolation of pure

human eosinophils:

(The following method is summarised in the flow diagram 4.1).
Pure

eosinophils

were

magnetically separated from contaminating

neutrophils using CD 16 microbeads based
and coworkers

1-

The PMN

2-

The cells

the method of Hansel

(Hansel et al, 1991).

counted

obtained

were

as

described

counted and their

were

blue exclusion: cells
were

on

(lOOpl)

previously (Chapter 2).

viability checked by trypan

added to 400|ul of trypan blue and

were

microscopically

(X40)

in

improved

a

Neubauer

Chamber.

3-

The cells

were

washed with Hank's buffer

by centrifugation at

20°C, at 300g, for 10 minutes, discarding the supernatants after each

spin.
4-

Finally, the resultant PMN pellet

cold PBS

cells)

minutes.

5-

The

added, and the suspension incubated at 4°C, for 30

Half way

mixed and

resuspended in 2-3ml of

Cold CD 16 microbeads (1ml/106

containing 0.1% BSA.

were

was

through the incubation, the cells

replaced in the fridge for

suspension

was

a

were

gently

further 15 minutes incubation.

passed through

a

column set between

a

powerful magnet.
6-

The

eosinophils obtained

were

in the negative portion, the

positive fraction being neutrophils.
7-

The

eosinophils

were

counted and their viability assessed by

trypan blue exclusion, and washed once.
8-

The

purity

was

checked

microscopically

by

staining

granulocyte suspension before the separation and after the
into the column

using Leishman's stain.
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the

passage

4.2.2-Procedure

for

the

of

measurement

superoxide

anion

production
(The following method is summarised in Table 4.1 and in the flow
diagram 4.2)
The method used
be

analysed by
The

1-

a

was a

modification of that described in

Chapter 2 to

plate reader.

eosinophils

were

resuspended at

106 cells/ml in PBS containing

Ca2+

a

and

concentration of 1.5

Mg2+,

x

cytochrome C

(2.5mg/ml) and cytochalasin B (5pg/ml).
Cells

2-

(250pl)

were

incubated with PBS

or

inhibitory agent (50pl)

for 10 minutes at 37°C.

o

3-

C5a

(50|ul, 3

30 minutes at

x

was

added and incubated for

a

further

37°C.

The reaction

4-

10" M)

ice for 5
centrifuged at 320g, 4°C, for 10 minutes,

stopped by putting the tubes

was

minutes and the tubes

on

leading to the sedimentation of the cells.
5-

Samples of supernatant (200pi)

were

dispensed into

a

96 well

plate and the absorbance measured at 550nm. The basal absorbance
was

taken

6-

as

Each

cells incubated without C5a

sample

was

(blank).

performed in duplicate and the values

averaged.
Data

Each

analysis
incubation

was

carried

out

in

duplicate and the values

averaged.

The amount of superoxide anion produced (nmol

eosinophils

per

Control-blank

induced

10^

10 min) calculated using the following equation:
=

amount

of O2"

produced in 10 minutes in C5a-

eosinophils.

Sample-blank
induced

per

=

amount of O2" produced in 10 minutes in C5a-

eosinophils treated with drug.
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[(Sample-blank)/control]xlOO

percentage

=

inhibition

of

02

generated in 10 minutes by C5a-stimulated eosinophils.
Effects of the various

drugs

on

O2" generation

were

expressed

as

the

percentage inhibition of the response produced by a submaximally
effective concentration of C5a

4.2.3-Procedure

for

(3x10~8

the

M ).

measurement

of

cyclic

AMP

determination

(The method is summarised in the flow diagram 4.3).
The

cAMP

radioimmunoassay is

Steiner and collaborators

an

adaptation of the method of

(Steiner et al., 1972).

ajPreparation of the buffers:
Acetate buffer, 50mM, pH 5.0
Two solutions

were

prepared:

0.1M Sodium Acetate

anhydrous (MW= 82.03)- 4.10g/ 500ml distilled

water and

0.1M Acetic Acid- 2.86ml
1:1

v/v volumes

were

glacial acetic/ 500ml distilled water.

mixed, and the solution obtained brought to pH

5.0.

Phosphate buffer, 50mM, pH 7.4
0.1M Na2HP04

(MW= 141.96)-7.098 g.l with 0.1M NaH2PO4.2H20

(MW= 156.01)- 1.95 g/250ml, in distilled water.
Sodium azide

was

added

The solution obtained

The two buffers
BSA

(0.1%)

was

were

as a

was

presevative.

brought to pH 7.4.

kept at 4°C.

added just before

use,

in order to avoid

any

growth.
Triethylamine/ acetic anhydride solution
20ml of 2:1

suspension of triethylamine/ acetic anhydride
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bacterial

b)Reagents:
Cyclic AMP standards

Cyclic AMP dilutions were prepared in acetate buffer from a 32 mM
stock, covering a range of 0-32nM cyclic AMP. cAMP (50pl) was used
for the for determination of the standard

curve.

The solutions

were

stored at -20°C.
Each standard

(500(d)

was

added into

a

glass tube and immediately

acetylated.
Primary antibody

(The primary antibody was made by Dr. B. Williams, University of
Edinburgh)
This

antibody

obtained by inocculating rabbits, with 6 different

was

injections of acetylated cAMP, at two week intervals, and bleeding
about the
It

was

same

amount of times.

used at 1:20000 dilution in acetate buffer.

Donkey Anti-Rabbit Serum
DARS

was

obtained

-

from

DARS= second antibody
the

(SAPU), kept frozen and used
BSA

as

Antibody Production Unit

1:10 dilution in Phosphate buffer +

(0.1%).

Normal Rabbit Serum
NRS

as

Scottish

was

=

NRS

obtained from the SAPU and

1:100 dilution in

kept frozen. This

was

made

up

phosphate buffer + BSA (0.1%).

c)Procedure for extraction of cyclic AMP:
1-

Eosinophils

Hanks'

were

buffer

resuspended to give 0.1-0.2

containing

0.25mM

of

x

106

the

cells/ml in

non-specific

phosphodiestrase inhibitor, isobutylmethylxanthine (IBMX).
2-

Cells

(0.9ml)

were

incubated, with Hanks buffer

agent (0.1ml) for 5 minutes at
3-

The reaction

was

4-

The

were

samples

or

inhibitory

37°C.

stopped by adding 1ml ethanol.
centrifuged at 650g, 20°C for 10 min.
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The ethanolic supernatant was

5at

55°C under

a

stream of

removed, evaporated to dryness

air, and stored at -20°C until assayed for

cyclic AMP content.
d)Procedure for

of cyclic AMP:

assay

(The method is summarised in Table 4.2)
unknown

The

samples

were

assayed based

on

the competitive

binding of iodinated cyclic AMP and unlabelled cyclic AMP to a first
anti-body of rabbit origin.

Separation of protein-bound cyclic AMP

from the unbound nucleotide

was

achieved

by adding

a

second anti¬

body of donkey origin which links to bound nucleotide and forms
precipotate which
nucleotides
was

are

counted in

can

count obtained

then be sedimented by centrifugation. The free

in the supernatant.

After centrifugation, the pellet

y-counter, giving an estimate of bound [3H]-cyclic

a

A standard

AMP.

a

curve

allowed determination of unknowns,

the

being inversely proportional to the amount of cAMP

present in our samples.
The

1-

procedure is summarised below:
The residue

was

dissolved in 0.5ml assay

buffer and acetylated

by adding suspension of triethylamine/ acetic anhydride.
2-

Each

3-

Samples (50pl)

samples

were

or

assayed in duplicate.

standard (50pl)

were

incubated with the first

antibody, the tubes whirlimixed, at 20°C, and left for 1 hour.
4-

Diluted DARS

(50pl) and diluted NRS (50p)

the tubes whirlimixed and incubated

5-

The

adding

samples

1ml

were

of 6%

were

then added,

overnight at 4°C.

then washed (except for the total count) by

polyethylene

glycol

in

distilled

water

and

aspirated and the pellet counted

on a

centrifuged at 4°C, at 1900g, for 30minutes.
6-

The supernatants were

gamma-counter for 4 minutes.

A
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program was set up

in order to

determine the amounts of
calibration

curve

cyclic AMP in the extracted samples from

of % cpm vs

a

fmoles cyclic AMP.

4.2.4-Procedure for the measurement of the ECP release:

1-

Eosinophils

were

purified

wash, the eosinophils

were

as

described previously, after the last

resuspended in PBS containing ADA

(lU/ml) and cytochalasin B (5pg/ml).
2-

The

ECP

release

method described in

measurement

chapter 3.
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were

performed using the

4.3-RESULTS

4.3.1-ECP release in

a

pure

eosinophil population:

a)Inhibition ofECP release by PGE2:
PGE2

(0.001-10pM) produced

FMLP

(30nM) induced ECP generation, producing

58.2 ± 8.59% inhibition at

a

a

concentration-related inhibition of
a

maximal effect of

concentration of lOjuM

(EC50

=

0.14 ±

0.069)liM, n=7) (Figure 4.1).

bjlnhibition ofECP release by selective EP-agonists:
For

comparison,

in each

effect

a

concentration-effect

for PGE2

was

performed

experiment. Each graph represents the paired concentration-

curve

for the

EP-agonist tested and PGE2.

Butaprost inhibited ECP release giving
±

curve

4.7% at

a

maximum inhibition of 64.6

lOpM (EC50 of 0.15 ± 0.13 pM compared with 0.275 ±

0.14pM for PGE2, n=3) (Figure 4.2a).

Misoprostol inhibited ECP release to

a

greater extent than PGE2,

giving a maximal inhibition of 74.5 ± 10.4% at lOpM. However,
misoprostol was less potent than PGE2 (EC50 of 0.12 ± 0.06pM
compared with 0.044 ± 0.007pM for PGE2, n=4) (Figure 4.2b).
Sulprostone inhibited ECP release, giving
42.8 ± 9.3% but

was

less potent

a

maximum inhibition of

than PGE2 (EC50 of 3.06 ± 2.32pM

compared with 0.044 ± 0.007pM for PGE2, n=4). (Figure 4.3a).
GR 63799X inhibited the ECP

31.6 ± 1.8% but

was

release, giving

less potent

a

maximal inhibition of

than PGE2 ( EC50 of 3.97 ± 3.07pM

compared with 0.275. ± 0.14pM for PGE2, n=3) (Figure 4.3b)
4.3.2-Inhibition of

superoxide generation in

a pure

eosinophils

population
ajlnhibition of superoxide generation by PGE2:
C5a

(3

of O2"

x

10'8 M) in the

presence

of cytochalasin B caused the release

generation of 0.26 ± 0.09 moles O2~/30minutes/106 cells (n=4,
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submaximally
therefore, used for all subsequent experiments.

Figure 4.4). This concentration (3
effective and was,

x

lO8 M) of C5a

was

PGE2 (0.01-10j.iM) caused a concentration-related
induced

superoxide anion generation, giving

4.3% at 10

a

inhibition of C5a-

maximal effect of 59 ±

pM (ECso of 0.12 ± 0.04 pM, n=18) (Figure 4.5).

bjlnhibition of superoxide generation by selective EP2-agonists
Butaprost

inhibited the

superoxide

anion generation,

maximum inhibition of 43.0 ± 0.2 at 10

giving

a

pM (EC50 of 0.38 ± 0.19pM

compared with 0.116 ± 0.074pM for PGE2, n=4) (Figure 4.6a).
13205

AH

inhibited

the

superoxide anion generation, giving

maximum inhibition of 62.0 ± 7.5% at 10

a

pM (EC50 of 0.10 ± 0.01 pM

compared with 0.074 ± 0.037pM for PGE2, n=3) (Figure 4.6b).
Misoprostol inhibited the superoxide anion generation, giving
maximum inhibition of 54.0 ± 9.8% at 10

a

pM (EC50 of 0.88 ± 0.88 pM

compared with 0.015 ± 0.008pM for PGE2, n=3) (Figure 4.6c).
c)Inhibition of superoxide generation by the EP3/EPj -receptor agonist:
Sulprostone inhibited the superoxide anion generation giving
maximum inhibition of 41.7 ± 8.1% at 10

a

pM (EC50 of 3.48 ± 3.26 pM

compared to 0.044 ± 0.029pM for PGE2, n=3) (Figure 4.7a).
GR

63799X

inhibited

the

superoxide anion generation, giving

maximum inhibition of 36.8 ± 6.5 at 10

a

pM (EC50 of 4.28 ± 2.38pM

compared with 0.14 ± 0.077pM for PGE2, n=4) (Figure 4.7b).
M&B

28767

inhibited

the

superoxide anion generation, giving

maximum inhibition of 25.9 ± 2.3% at 10

a

pM (EC50 of 3.62 ± 3.2

pM.compared with 0.018 ± 0.008pM for PGE2, n=3) (Figure 4.7c).
4.3.3-Results for the measurement of

cyclic AMP

a)Effect of adenylate cyclase activators:
Isoprenaline and forskolin (0.001-10 pM) induced
related increase in the

a

concentration-

production of cyclic AMP, giving
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a

maximum

of 7573

value

AMP/106

pM, respectively (Figure 4.8).

preliminary measurement validated the cAMP extraction and

cAMP test in this

of PG

(n=12) and 4197 ± 771 (n=4) fmol cyclic

cells at 10 pM, respectively with ECsos of 0.037 ± 0.02 pM

and 0.037 ± 0.03

This

2042

±

preparation of

pure

eosinophils, allowing the effects

agonists to be determined.

bjEffect of PGE2:
PGE2

(0.001-10pM) produced

cyclic AMP levels, achieving

concentration-related increase of

a

maximal effect of 8565 ± 1752 fmol

a

cyclic AMP/106 cells at 10 pM (EC50 of 0.23 ±0.11 pM, n=16) (Figure
4.9).

c)Effect of the non-selective phosphodiesterase inhibitor, IBMX
increases of PGE2 and isoprenaline:
In the absence of the non-selective

(0.25mM), the cyclic AMP levels
value of 2389 ± 922 fmol

of 0.53 ±

4.10a).

cyclic

on

the

phosphodiesterase inhibitor IBMX

were

reduced, giving

AMP/106

a

maximum

cells (n=4) for PGE2 (EC50S

0.03pM without IBMX and <0.00lpM with IBMX) (Figure

The

same

effect

maximum value of

was

observed

2563 ± 354 fmol

on

the isoprenaline, giving

cyclic

AMP/106

a

cells at lOpM

(n=4) (EC50S <0.001pM without IBMX and <0.001pM with IBMX)

(Figure 4.10b).
showed, that

However, the basal levels

were not

affected.

This

though IBMX inhibits the phosphodiesterase, the

even

increases in

cyclic AMP

suggesting

that

were

adenylate

through adenylate cyclase stimulation,
cyclase

turnover

is

very

low

in

unstimulated cells.

djlncrease of cyclic AMP levels by EP-receptor agonists:
Butaprost increased cyclic AMP levels, giving
1602 fmol

cyclic

AMP/106

a

maximum of 6820 ±

cells at 10 pM (Ec50 of 2.0 ± 1.61 pM

compared with 0.34 ± 0.28 pM for PGE2, n=6) (Figure 4.1 la).
AH 13205 increased

5103 fmol

cyclic

cyclic AMP levels, giving

AMP/106

a

maximum of 7956 ±

cells at 10 pM (EC50 of 5.0 ± 2.8 pM

compared wdth 0.112 ± 0.046 pM for PGE2, n=4) (Figure 4.11a).
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11-deoxy PGEX increased cyclic AMP levels, giving a maximum of
4570 ± 359 fmol

cyclic

AMP/106

cells at 10 pM (EC50 of 5.3 ± 2.7 pM

compared with 0.074 ± 0.043 pM for PGE2, n=5) (Figure 4.11a).
Misoprostol increased the cAMP levels, giving
442

fmol

cyclic

AMP/106

a

maximum of 3043 ±

cells at 10 pM (EC50 of 10.0 ± 0.0 pM

compared with 0.076 ± 0.042 pM for PGE2, n=4) (Figure 4.11b)
Sulprostone

did

not

increase

the

maximum of and 2468 ± 161 fmol

cyclic AMP levels,

cyclic

AMP/106

giving

a

cells at 10 pM,

(EC50 >10 pM compared with 0.005 ± 0.003pM for PGE2, n=3) (Figure
4.12).
GR 63799X did not increase the

of 1983 fmol
with 0.16

cyclic

AMP/106

cyclic AMP levels, giving

a

maximum

cells at 10 pM (Ec50 >10 pM compared

pM for PGE2, n=2) (Figure 4.12).
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4.4.-DISCUSSION

The aim of this
ECP

study

release, measured in

of the

eosinophil

determine if the results obtained when

was to
a

response

mixed population of PMN, was indicative

selectively

or,

whether the

presence

neutrophils interfered and changed the results observed.
therefore, tested
on

a

pure

of

We,

few compounds considered to be "key" compounds

a

population of eosinophils: PGE2, butaprost, sulprostone,

misoprostol and GR63799X.
These

compounds

-butaprost
we

was

chosen for the following

were

reasons:

not very active in a pure population of PMN whereas

would expect

this compound to be

more

active if acting at EP2

receptors.

-misoprostol, the EP2/EP3-receptor agonist, in contrast is
suggesting the

presence

active

of EP3 receptors.

-sulprostone and GR 63799X
EP3-receptors present

on

inhibited ECP release in

a

4.4.1-Inhibition

very

of the

were

surface of eosinophils

the

mixed

ECP

chosen to test the possibility of
since they

population of PMN.
release

in

a

pure

population of

eosinophils:
PGE2

produced

eosinophils.

concentration-related inhibition of C5a-stimulated

a

The EP2-receptor agonist butaprost and the EP2/EP3-

agonist misoprostol

receptor

were

very

active,

being similar in

potency to PGE2, giving EEC values of 0.54 and 2.7, respectively.
These values

are

consistent with the involvement of

an

EP2 receptor

subtype since EEC of 6-30 (Gardinier, 1986; Humbles et al., 1991)
and 1-4

been
value

(Colemen et al., 1988; Humbles et al., 1991) have respectively

reported in preparations containing EP2-receptor subtypes. The
for

misoprostol

involvement of
are

an

agrees

less well with the suggestion of

an

EP3-receptor subtype since EEC found in this case

from 0.2 to 1.0

(Reeves et al., 1988; Coleman et al., 1988; Bunce

etal., 1990; Lawrence etal, 1992).

Sulprostone and GR 63799X inhibited ECP release, but the EEC
values of 69.5 and 14.4
involvement of

an

are

greater than would be expected for the

EP3-receptor subtype where EECs of 0.005-0.3
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(Coleman et al.,
Lawrence et

1988; Bunce et al.,

1990; Strong et al.,

al., 1992) and 0.1 (Bunce et al., 1990)

were

1992;

reported in

preparations containing EP3-subtype receptors.
4.4.2-Inhibition of the

superoxide anion generation in

a

pure

population of eosinophils:
A submaximal dose of C5a

superoxide production.
C5a-des
des

(3x10~8 M)

used to stimulate the

was

Human C5a is much

more

expensive than

Arg, but several workers have reported the potency of C5a-

Arg to be of about 10 to 50 times less than for C5a (Fernandez et

al., 1978; Chenoweth 85 Hugli, 1980).

bell-shaped

dose-response

The activity of C5a follows
(Colditz

curve

86

Eosinophils respond to both FMLP and C5a with
but C5a is the

al., 1989).
these

more

a

1984).

O2' generation,

potent stimulus (Wardlaw et al., 1986; Morita et

Neutrophils also respond to both FMLP and C5a, but for

cells,

FMLP

Yazdanbakhsh

PGE2

Movat,

a

produced

more

potent

(Yamashita

et

al.,

1985;

etal., 1987).

a

C5a-stimulated
13205 and

is

concentration-related inhibition of O2" generation in

eosinophils. The EP2-receptor agonists butaprost, AH

misoprostol

were very

active, giving EEC values of 3.17,

0.84 and

7.3, respectively. This agress well with the potency of these

agonists

on

EP2 receptors where EECs of 6-30, 30-100 (Gardiner,

1986; Humbles et al.,

1991; Nials et al.,

(Coleman et al., 1988; Humbles et al., 1991)
AH 13205 is

more

active than is

The results obtained for
an

of EP3 receptors

misoprostol could suggest the involvement of

(Reeves et al., 1986; Coleman et al., 1988; Bunce et

M8&B 28767 and GR 63799X
not

obtained. However,

usually observed.

al., 1990; Lawrence et al., 1992).
do

were

1993) and 1-4

since EEC of 0.2-1.0 have been found in preparations

EP3 receptor

which

1991;

agree

were

However, EECs for sulprostone,
found to be 61.2, 30.2 and 35.7,

with the EEC values for these compounds,

reported in EP3 preparations, of 0.05, 0.3 and 0.1 (Coleman et al.,
1988; Bunce et al., 1990; Strong et al., 1992; Lawrence et al., 1992),
0.6

(Lawrence

respectively.

8& Jones,

1992)

and 0.1

Similarly, the involvement of
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(Bunce
an

et

al.,

1990),

EPi-receptor subtype,

is

unlikely

sulprostone

as

gave

an

EEC value of 61.2 in these

preparations compared to 4-6 in EPi preparations (Coleman et al.,
1987a).

4.4.3-Comparison of ECP release and superoxide generation in

a

population of eosinophils:

pure

(0.001-10|liM) inhibited both superoxide anion generation and

PGE2

release

ECP

in

a

population of eosinophils, and butaprost,

pure

misoprostol and sulprostone presented the

same

profile for the two

activities.

These

results

show

activation of human
anion

that

the

EP-agonists used

can

inhibit the

eosinophils observed by both the superoxide

generation and the release of the ECP granules in C5a- and

FMLP-stimulated

eosinophils.

4.4.4-Comparison of the ECP release in
PMN with that in

a

mixed population of

population of eosinophils:
(Table 4.3 summarises the comparison of the EC50s values for the

ECP release in

a

a

pure

mixed

population of PMN and

a pure

population of

eosinophils and table 4.4 summarises the comparison of the EECs for
the inhibition of the ECP release in
pure

obtained

with

dramatically

more

of

are

effective

population of PMNs and

a

The

EP2 receptor.

a

pure

generally similar, except that butaprost
as an

inhibitor of ECP release in the
reason

high potency of butaprost and misoprostol

inhibitors of ECP release would
an

population of PMN and

eosinophil preparation, being equi-active with PGE2. The

for this is not known.
as

mixed

a

population of eosinophils
pure

mixed

population of eosinophils).

Results

is

a

strongly support the involvement

Furthermore, sulprostone and GR 63799X, both

potent EPi and EP3 receptor agonists, are much weaker inhibitory
agents.
The rank order of potency

of the agonists used is similar in

population of eosinophils and in

butaprost

=

misoprostol

>>

a

mixed population of PMN, giving

sulprostone
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a pure

=

GR 63799X, in

a pure

population of eosinophils and AH 13205
>>

GR 63799X

=

M&B 28 767

>

=

butaprost >= misoprostol

sulprostone in

a

mixed population of

active in

a

mixed population of

PMN.

Even

PMN,

these results support the involvement of an EP2 receptor

though AH 13205 is

more

mediating inhibition of ECP release.
However, differences between the results of the measurement of ECP

using

mixed population of PMN

a

and

a

pure

population of

eosinophils do exist, showing that from the point of view of the
characterization

of the

subtype(s) of EP receptor present

eosinophil surface, it would be preferable to work with
population composed by eosinophils only.
consider these

preliminary results to

the

on
a

pure

Further studies should

carry on a pure

population of

eosinophil, their activation and the signal-transduction pathways
implicated in them.
The results obtained
PMN

were

response

what

measuring ECP release in

mixed population of

interesting from the point of view of understanding the

of these cells to prostaglandins

as

this might be closer to

happens in vivo. Therefore, these studies help

the response

an

us to

understand

of the PMN, all together, to certain drugs such

prostaglandins and give
into

a

us an

as

idea of what woud happen if injected

individual.

4.4.5-Comparison of the superoxide generation in PMNs with
that in

a

(Table

4.5

pure

generation in

population of eosinophils:

comparison
a

of the

inhibition

of

superoxide

anion

mixed population of PMN stimulated by FMLP (30 nM)
o

•

and in

a

pure

population of eosinophils stimulated by C5a (3x10"

M)).
We observed different

the

inhibition

populations.

of

profiles for the EP-receptor agonists tested

superoxide anion generation

PGE2

was

more

on

the

two

on

cell

active when tested against FMLP

(3OnM)-stimulated human PMNs than

on

C5a-stimulated eosinophils

(EC50 of 0.063 ± 0.01 pM compared to 0.12 ± 0.04 pM).
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The EP2-receptor

agonist butaprost

was

much less active in

population stimulated with 30nM FMLP,

as

EP2/EP3-receptors agonist, misoprostol is

a

mixed

AH 13205. Whereas, the
potent in a mixed

more

population of PMNs stimulated with FMLP (30nM).
Sulprostone is less active in
63799X is

the

It

more

active in

agonists tested

is,

therefore,

are

mixed population of PMNs, whereas GR

mixed

population (the ECsos and EECs for

summarised in Table 4.5).

difficult to draw

these data,

However,

a

a

eosinophils and in

a

are

different in

very

a

population of

pure

This shows the

mixed population of PMNs.

existence of interactions between

neutrophils and eosinophils thus,

showing the necessity to work with
obtain results

profile out of these results.

a

a pure

population in order to

reflecting the activity of the eosinophil only.

4.4.6-Comparison of the inhibition of the ECP release and of the
superoxide anion generation in
in

a

pure

a

population of eosinophils:

(The EECs for the agonists used in

population of PMN

on

EEC

values

for

are

a

population and

a

mixed

summarised Table 4.6).

inhibition

superoxide anion generation

eosinophils than in

a pure

the inhibition of the ECP relase and the

superoxide anion generation
The

mixed population of PMNs and

of ECP

release

all lower in

are

and

a pure

inhibition

of

population of

PMN population except for GR 63799X.

Misoprostol showed low EEC values in the two populations and for
the two activities studied.

misoprostol is

an

This

EP2/EP3-receptor agonist, and

EEC values obtained for ECP in

involvement of

compound is quite interesting since
a

pure

even

though, the

population would suggest the

EP2-receptors since EEC of 1-4

were

described in EP2-

receptor preparations (Coleman et al., 1988; Humbles et al., 1991),
the values obtained could also suggest

subtype in

a pure

the

population of eosinophils.
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presence

of EP3-receptor

These
field.
in

a

interesting results in the neutrophil/eosinophil interaction

are

Indeed, the fact that all the EP-agonists tested were more active

population of eosinophils could

pure

have

which

shown

been

mean

apparently,

to,

that neutrophils,

possess

EP2-subtype

receptors, would be able to react towards EP-agonists and PGE2,

producing

stimulatory effect

a

be done via the secretion of
An effect the other way

also be
of the

al.,

on

the eosinophils.

products

or

This effect could

by direct cell-cell interaction.

neutrophils- should
considered, since former studies have already shown activity

eosinophils

on

on

neutrophils by the secretion of agents (Moy et

Kita et al.,

1993;

1990;

around- eosinophils

1995).

These effects

are

usually

stimulatory effects, which could explain the lower inhibitory actions
of PGE2 and

EP-agonists, which would then have to inhibit the O2"

generation induced by both FMLP and the secretory products of the
eosinophils. Another aspect should not be forgotten, and that is the
possibility of the interaction between neutrophils and eosinophils to

Indeed, it has recently been shown that interaction

generate PGs.
between

platelets and neutrophils result in the biosynthesis of

eicosanoids

(Maderna et al., 1993).

eosinophils had

However

active 02"-generating

a more

a

study showed that

enzyme

system than

neutrophils (Yamashita et al., 1985).
4.4.7-Involvement

of

cyclic AMP in the signal transduction

pathway inhibiting the superoxide anion generation and the ECP
release in

a

pure

population of eosinophils:

(See Table 4.7)
The data

presented above suggest that both types of EP receptors,

EP2 and EP3

seem

to be present on

and EP4 receptors are

or

are

either coupled to the activation of

the inhibition of adenylate cyclase.

recent studies showed the existence of different

EP3 receptor
inhibition

1994).

or

However,

splice variants of the

shown to couple to both Gi and Gs, resulting in the
activation of

adenylate cyclase, respectively (Regan et al.,

We address, here, the question of the second

involved in the
of

EP2

usually coupled to the activation of adenylate

cyclase, whereas EP3 receptors
phospholipase C

the surface of eosinophils.

messenger

signal-transduction pathway leading to the inhibition

superoxide anion generation in

a pure
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population of eosinophils.

For this purpose,

the next part of

EP2 and EP3 receptor
pure

agonists

our

work

was to

study the effect of

the production of cyclic AMP in

on

populations of human eosinophils in order to determine if the

this cells

EP3 receptors present on
activation of

adenylate cyclase.

of cAMP in the

positively coupled to the

are

Studies have shown the involvement

regulation of human PMNs (Bourne et al., 1972).

Later, experiments have suggested the involvement of cAMP as a
second messenger

in the inhibition of the respiratory burst in the

guinea-pig eosinophil (Souness et al.,

1991) and in the human
In order to

eosinophils (Kroegel et al., 1988; Hadjokas et al., 1995).
study the possibility that cAMP
mediates

inhibition

by PGE2

superoxide generation,

we

for

the

sure

and

agonists

EP

messenger

of C5a-induced

a pure

population of eosinophils.

the cAMP extraction and assay were
of

measurement

which

measured the cAMP production induced by

prostaglandins treatment in
In order to make

the second

was

cyclic AMP in

our

adequate

preparation of

pure

eosinophils, two compounds known to activate the adenylate cyclase,
forskolin
which

and

acts

experiments.
a

isoprenaline (an adrenoceptor agonist, isoprenaline

through

(3-receptor),

in

preliminary

Both forskolin and isoprenaline (0.001-10pM) induced

concentration-related

extraction

tested

were

assay

in

production of cAMP validating the cAMP
preparation of

our

pure

experiments with PGE2 and the EP-agonists

eosinophils.

we are

interested in

The
can,

thus be carried out.

a)Involvement of cAMP in the signal-transduction pathway inhibiting the
superoxide anion generation in
The presence
would

be

inhibition

an

population of eosinophils

of EP2-receptor subtype

on

the surface of eosinophil

suggested by the results obtained when
of

inhibition of
the

a pure

ECP

release

in

a

pure

we

measured

population of eosinophils,

superoxide generation and cAMP production.

Indeed,

EP2-receptor agonists such as butaprost and AH 13025 induced
increase in the levels of

11-deoxy PGEi
have

was

cyclic AMP.

much weaker than PGE2.

suggested 11-deoxy PGEi to be
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Since recent studies

EP4-receptor agonist (Milne et

al, 1995), this

against the involvement of

argues

an

EP4 receptor.

The data

suggested cAMP being linked to the EP2 receptors, and,

therefore

cAMP

be

can

advanced

inhibition of the

eosinophils.

The

of

presence

as

has

EP3-receptors

measurement of ECP release in a mixed

the measurement of the inhibition of

second

in the

messenger

suggested

been

by

the

population of PMNs and by

superoxide generation in

a pure

population of eosinophils. Two observations which would suggest
mixed

population of EP receptors is present

surface.

However,

even

on

a

the eosinophil

though EP3 agonists inhibit superoxide

generation, they do not increase cyclic AMP levels.
Since the results do not support

inhibit

the contention that EP3-receptors

superoxide generation by cyclic AMP-dependent mechanism,

another mechanism of action must be

implicated.

b)-Involvement of cyclic AMP in the signal transduction pathway

inhibiting ECP release in

a pure

population of eosinophils

Cyclic AMP has been suggested to have
transduction

a

role in the signal-

pathway involved in the inbihition of the ECP release by

Kita and coworkers

(1991) and has been advanced,

as

discussed

above, in the inhibition of the superoxide anion generation.
PGE2 induced
cAMP

production.

they

were

two

effects.

Indeed,

a

same

effects.

increase of

However,

though misoprostol and sulprostone

GR 63799X did not

an

increase in the cAMP

either, inhibited ECP release

concentration of IOjuM.

preliminary results would suggest

messenger

EP2

even

release, they did not induce

concentrations.

only at

Butaprost presented the

an

the only EP-receptor agonists tested which showed these

inhibited ECP

These

inhibition of the release of ECP and

an

a

role for cAMP

as

second

in the inhibition of ECP and O2" generation induced by

agonists.

Cyclic AMP does not

inhibition of C5a-induced
ECP release

seem

to be involved in the

superoxide generation and FMLP-induced

by PGE2 and EPs/EPi-receptor agonists.
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However

no

conclusions should be drawn too

should

be carried out in

order

quickly, and further experiments
to

clarify the signal-transduction

pathway involved in the inhibition of the ECP release and superoxide
anion

generation by PGE2 and EP agonists.

More particularly,

experiments using the phosphodiesterase inhibitor, rolipram, the
adenylate cyclase inhibitor, SQ 22,536 and the protein kinase A
inhibitors,

and

Rp-cAMPS

H-89

in

the

measurement

superoxide anion generation and of the ECP release in

of
a

the
pure

population of eosinophils.
4.4.8-Limitation

of

the

technique

to

isolate

the

human

eosinophils from the neutrophils:
The

magnetic separation of the eosinophils from the neutrophils

presents a certain number of advantages.

This technique is

very

rapid compared with the separation by succesive density gradients,
decreasing the risk of working with activated cells.
obtained is very

good, >98%. The problem with working with human

eosinophils is the low number of cells obtained.
groups

to

The purity

work

with

non-human

source

This has led

such

as

a

few

guinea-pig

eosinophils.
Minimal contamination with monocytes

isolated with Percoll

seen

in the PMNs

(0.1%) (personal communication from S. Pole,

Glaxo). CD 16 is not present in
therefore any

has been

a

high affinity state

on

monocytes and

contaminating monocytes will be CD 16 negative cells

and be collected with the

eosinophils.

However, the presence of monocytes is likely to affect 02 production,
since monocytes

have been shown to be able to generate 02 and to
respond to C5a (Dameran et al, 1987).
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Human

neutrophils stained with Leishman's, viewed at xlOOO.

Human

eosinophils stained with Leishman's, viewed at xlOOO.
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Flow diagram 4.1: Isolation of pure eosinophils

PMN
PBS
BSA

(no Ca2+,
(0.1%)

no

Mg2+)

CD 16 Microbeads

6

eosinophils
V

/

4°C, 30min
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Flow

diagram 4.2: Measurement of superoxide anion generation in
population of eosinophils
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Flow diagram 4 3: Measurement of cyclic AMP in

The

eosinophils
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a pure

washed

population of eosinophils
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cAMP extraction
IB MX 0.25 mM

EP

agonist
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0.5

x
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stop reaction
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Superoxide anion
Results
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expressed

measured
as

as

nmoles / 10 PMNs / 10 min

% inhibition of the FMLP
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response

Table 4.1: Set-up for superoxide anion extraction

Tubes

Description

EP agonists

Buffer

Cells

/Ml

/Ml

/Ml

100

250

50

250

50

250

50

250

50

250

50

250

50

250

50

250

50

250

50

250

50

1-2

Blank

3-4

Control

5-6

PGE2 InM

50

-

7-8

PGE2 lOnM

50

-

9-10

PGE2 lOOnM

50

11-12 PGE2

-

IjiM

13-14 PGE2IOUM

15-16 Control

-

50
50

-

23-24 EP

agonist InM

50

25-26 EP

agonist lOnM

50

-

-

-

50

-

-

C5a

(3x10

8

M)

/Ml
-

etc...

10 min. at

37°C
30 min. at 37°C

Table 4.2: Set up for cyclic AMP assay

Tubes

Description

cAMP

125-IcAMP

DARS

NRS

/Ml

/Ml

/Ml

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

200

50

50

50

200

50

50

50

200

50

50

200

50

50

sample

+

/ml
1-3

total bound

50

4-6

320nM cAMP

50

7-8

0.0625nM

"

50

9-10

0.125nM

"

50

11-12

0.25nM

50

13-14

0.5nM

50

15-16

l.OnM

50

17-18

2.0nM

50

19-20

4.0nM

50

21-22

8.0nM

50

23-24

16nM

50

25-26

32nM

50

27, 28

unknown

-

29, 30

unknown

-

31,

unknown...

T, T

• • • •

total counts

/m1

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1*5

lst Ab

Table 4.3: Comparison of the

EC^nS values for the ECP release in

a

mixed population of PMN and a pure population of eosinophils:

Mixed pop.

EC50 (pM)

of PMN

Max

inh.(%)

Pure pop. of

EC50 (pM)

eosinophils
Max inh. (%)

0.08 ± 0.02

51.5 ± 2.3

0.14 ± 0.07

58.2 ± 8.59

>10

10.6 ± 8.4

0.15 ± 0.13

64.6 ± 4.7

misoprostol

0.32 ± 0.07

86.9 ± 3.8

0.12 ± 0.06

74.5 ± 10.4

sulprostone

10.3 ± 4.3

37.3 ± 17.9

3.06 ± 2.32

42.8 ± 9.3

gr 63 799x

0.9 ± 0.5

30.1 ± 6.0

3.97 ± 3.07

31.6 ± 1.8

pge2

butaprost

Table 4.4: Comparison of the EECs for the inhibition of the ECP release
in

a

mixed population of PMN and

Mixed pop.

a pure

of PMN

population of eosinophils:

Pure pop.

of eosinophils

1

1

>300

0.54

misoprostol

8.2

2.7

sulprostone

232

69.5

gr 63 799x

25.5

14.4

pge2

butaprost

\%S

Table 4.5: Comparison of the inhibition of superoxide anion generation
in

a

mixed population of PMN stimulated by FMLP f30nM) and in a

pure

o

population of eosinophils stimulated by C5a (3x10'

C5a
EP

(3x10

8

M)

M):

FMLP

(30 nM)

eg50 (pm)

eec

pge2

0.12±0.04

1

butaprost

0.38+0.19

3.2

>10

>100

AH 13205

0.10±0.01

0.84

>10

>100

1.11 ± 0.27

14.5

0.31 ± 0.02

6

agonists

11-deoxy PGEi

-

-

ec50 (pm)

eec

0.063 ± 0.01

1

misoprostol

0.88±0.88

7.3

sulprostone

3.48+3.26

61.2

>10

>100

GR 63799X

4.28±2.38

35.7

1.06 ± 0.67

12.2

M&B

3.62±3.20

30.2

28,767

17-phenyl PGE2

—

-

1.45 ± 0.58

-

37

rsaeuplnoidx fh:

finEtohvoCbaluerPfs PMpuNlfadt

C4Eotmh.pa6riesCf:n ingampeoixuralaetitoidn

Table

relas

>30

1

190

95

8.2

232

25.5 131 44.4

ECP

poulatin

mixed genratio

>10 >10 14.5

1

EECs

6

>100 12.2

-

37

02

relas

1

0.54

-

2.7

69.5 14.4

7.3

61.2 35.7 30.2

-

-

—

ECP

ppouulratein genratio

1

3.2

EECs

0.84

-

—

02"

o°

PGEX PGE2

butaprost 13205 1 -deoxy misoprtl sulprotne 6379X 28,76 17-phenyl

pge2

AH

<y>

GR

M&B

EEC

inhbto(%)

1

0.54

2.7

69.5 14.4

4
±.7 1±0.4 9±.3 1±.8
8
±
.
5
9
relas

ECP

58.2 64.6 74.5 42.8 31.6

Max

taghenrido

(^M) 0±. 7 0+.13 0±. 6 2±.32 3±.07
ECso

EttmhaobsuxpCeerudfxideoosinphfl:

C4EomC.pa7srisf:n, inarppeoluualarstein
Table

ECP

EEC

genratio inhbto(%)

0.14 0.15 0.12 3.06 3.97

1

3.27

7.3

61.2 35.7

4±.28 6±.0 9±.83 81.15 6±.46

59.2 43.0 54.0 41.7 36.8

Max

O2

(|iM) 0.12±0.4 0.3810.9 0.8+0.8 3.4813.26 4.281.38

ECso

pge2

butaprost misoprtl sulprotne 6379 X
GR

80

-i

0.001

0.010

0.100

Concentration of

1.000

10.000

PGE2 (pM)

Figure 4.1: Log concentration-effect curve for PGE2 on the inhibition
human eosinophils induced by FMLP
(30nM), (n=7).
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Figure 4.2: Log concentration-effect curves for EP-receptor
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Figure 4.3: Log concentration-effect curves for EP receptor agonists
the inhibition of ECP release in pure human eosinophils induced
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the inhibition of superoxide anion generation in
pure eosinophils
induced by C5a (3 x 10"8M): PGE2 (■), (a) sulprostone
(A), (n=3),
(b) GR 63799X (O), (n=4) and (c) M&B 28767 (A), (n=3).

on

ne

1

0.010 0.100 1.000 10.000

Concentration of

agonists (pM)

1

Concentration of

agonists (pM)

Figure 4.8: Log concentration-effect curve for isoprenaline (•)
(n=12) and forskolin (■) (n=4) on the increase of cAMP levels
pure human eosinophils.
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human eosinophils (n=16).

of cAMP levels in pure

188

10.000

on the increase

a)

Concentration of

PGE2 (jiM)

b)

Concentration of

isoprenaline (pM)

Figure 4.10: Log concentration-effect curves for
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on the increase of cAMP levels in pure human
eosinophils (n=4).

a)
8000

QJ
O

<

n

6000

4000

o
o
>o

o

2000

£

0.001

0.010

0.100

1.000

10.000

Concentration of agonists (p.M)

Concentration of agonists (jiM)

Figure 4.11: Log concentration-effect curves for EP receptor
agonists on the increase of cAMP levels in pure human eosinophils:
PGE2 (■), (a) butaprost (□), (n=6), AH 13205 (O), (n=4), (b) 11deoxy PGEt (▼), (n=5) and misoprostol (A), (n=4).

^oo

Concentration of agonists (pM)
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Comparison of the Prostaglandin E (EP)
Receptor of Human Neutrophils and HL-60
Cells Differentiated with DMSO
Roma A.

Armstrong and Elodie Talpain

Department of Pharmacology, University of Edinburgh, 1 George Square
Edinburgh, EH8 9JZ, Scotland

promyelocyte leukaemic HL-60 cells can be differentiated
to become neutrophil-like. In this study, the prostanoid
receptors linked to adenylate cyclase have been compared in human
neutrophils and in differentiated HL-60 cells. Both cell types appear to
express EP2 receptors as recognised by the ability of EPZ agonists and
not EP, or EP3 agonists to increase cell cyclic AMP levels, and the finding
that the increase in cyclic AMP induced by PGE2 was not blocked
by the EP4 receptor antagonist AH 23,848 (30 pM). Neither cell
type appears to express receptors for PGI2, but human neutrophils
and not differentiated HL-60 cells express receptors for PGD2. In addition,
human neutrophils may contain EP3 receptors linked to a reduction
in cyclic AMP levels. The lack of other prostanoid receptors coupled to
adenylate cyclase in HL-60 cells suggests that these cells may provide
a useful starting point for the cloning of the EP2 receptor.
Human

with DMSO

Keywords: Prostaglandin (EP) receptors; human neutrophils; HL-60 cells;
cyclic AMP
Introduction
HL-60 cells represent a

unique human cell line developed from peripheral
patient with acute promyelocytic leukemia. Most
of the cells in culture arc promyelocytes' but when incubated with di¬
methyl sulfoxide (DMSO) for 5-7 days, the cells differentiate into morpho¬
blood

leukocytes from

a

logically mature myelocytes, metamyelocytes and banded and segmented
neutrophils.2 There is considerable evidence that these differentiated cells
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EP receptors on

human neutrophils and HL-60 cells:

Armstrong and Talpain

(dHL-60 cells) not only resemble human neutrophils morphologically, but
that they display functional characteristics associated with activation of
peripheral blood granulocytes such as chemotaxis, adherence, phagocyto¬
sis and enhanced enzyme release, in response to various stimuli.3-4 How¬
ever there has been no such comparison of the receptors and mechanisms
involved in the inhibition of neutrophil and dHL-60 cell activation.
The human neutrophil is inhibited by prostaglandin (PG) E25-6-7 and
PGD2*-y and this has been linked to the ability of these compounds to
activate adenylate cyclase.10-" Since PGE2 acts on at least 4 distinct recep¬
tor subtypes, designated EP,, EP2, EP,12 and EP4,13-14 the aims of this study
were (1) to characterise the EP receptor type(s) on human neutrophils and
(2) to determine the PGE2 and PGD2 receptors and subtypes in HL-60
cells differentiated with DMSO. These aims have been achieved using
EP receptor

agonists showing selectivity for the different EP receptor
subtypes, and measuring cyclic AMP content. Agonists selective for the
IP receptor have also been examined.
Materials and Methods
Culture

of HL-60 Cells

HL-60 cells

in suspension cultures in RPMI 1640 medium
containing L-glutamine, 10% heat-inactivated fetal calf serum, penicillin
(50 u/ml) and streptomycin (50 (xg/ml) (all reagents, Gibco). HL-60 cells
between passages 10 and 35 were used for this study. Differentiation was
induced by seeding cells at a density of 2 x 10s cells/ml and culturing for
6 days in medium containing 1.2% DMSO (Sigma), with one change of
medium on day 3. HL-60 cells were harvested by centrifugation for 10
min at 280 x g, and washed twice with Hank's buffer with no Ca2+ or Mg2 +
(Gibco). HL-60 cells were counted in an improved Neubauer counting
chamber, and their viability assessed using Trypan blue exclusion.
Isolation

were

grown

of Human Neutrophils

Fresh

heparinised (100 u/ml) human blood was layered onto monopoly
resolving medium (ICN Flow) and centrifuged at 650 x g for 30 min at
20"C, to separate neutrophil and monocyte layers. The lower neutrophil
band

was

Ca2+

or

removed and washed several times with Hank's buffer with

Mg2+. Cells

were

counted

as

no

above.

Cyclic AMP Determination

Neutrophils, HL-60 cells or HL-60 cells differentiated with DMSO were
resuspended to give 5 x 10ft cells/ml in Hank's buffer containing 0.25 mM
isobutylmethylxanthine (IBMX). After incubating 1.0 ml aliquots of cells
for 10 min at 37°C, with buffer alone or containing prostaglandin, the
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stopped by adding 2.0 ml ethanol. The samples were centrifuged at 650 x g, 20"C for 20 min, the ethanolic supernatant removed and
evaporated to dryness. The residue was dissolved in 0.5 ml assay buffer
and ccntrifuged at 12,000 x g, 4°C, for 30 min to remove insoluble material.
Cyclic AMP levels were measured by a protein binding assay as described
previously.IS
reaction was

Statistical Tests
Raw control and test data
or

unpaired 2-tailcd

t-tests,

were

and

compared
i.rc

given

using

cither Student's paired

as means ± s.e.

Compounds
The

following compounds were gifts which we gratefully acknowledge:
sulprostonc and cicaprost from Dr E. Schillinger, Schering AG, Berlin;
M&B 28767 (racemic) from Dr. M. Caton, Rhone-Poulenc, U.K.; misopros¬
tol (methyl ester) from Dr. P. Collins, G.D. Scarle, U.S.A.; butaprost from
Dr. P. Gardiner, Bayer, U.K.; AH 13205 from Dr. B Bain, Glaxo, U.K.;
PGE2 and 11-dcoxy PGE[ were purchased from Cayman Chemicals, U.S.A.
Ethanolic stock solutions of the prostanoids (10-30 mM) were stored
at

-20°C and diluted with Hank's buffer for

use.

Results
EP

Receptors

In the absence of the

phosphodiesterase inhibitor IBMX, human neutro¬
phils contained at most small amounts of cyclic AMP, below the assay
detection limit (7.5 pmol/5 x 106 cells). Even in the presence of IBMX
(0.25 mM), basal levels of cyclic AMP were low (12.7 ± 1.1, n=19),
increasing to 56.2 ± 8.9 (p = 0.006, n = 7) pmol cyclic AMP/5 x 106 cells
after a 10 min incubation with 10 mM PGE2 Agonists with activity at
EP2 receptors also increased neutrophil cyclic AMP, to 54.5 ± 7.3
(p = 0.004, n = 6), 50.0 ± 7.8 (p = 0.002, n = 4), 30.9 ± 3.4 (p = 0.002, n = 8)
and 23.1 ± 4.1 (p = 0.05, n = 4) with 10 mM misoprostol, 11-deoxy PGE,,
butaprost and AH 13205 respectively at the highest concentration used.
Concentration-response curves for these agonists are given in Figure 1.
In contrast the EP., agonist M&tB 28,767 and the EP,/EP3 agonist sulprostone had almost no effect; sulprostone, if anything, lowered cyclic AMP
at 1.0 mM, p = 0.01 (Figure 2).
The mean effect of PGE2 (10 mM) on stimulation of cyclic AMP levels
in human neutrophils after a 10 min pre-incubation with the EP4 receptor
antagonist AH 23848, 30 p.M was 34.7 ± 14.7% less (p = 0.1; Figure 3).
HL-60 cells differentiated with DMSO (dHL-60 cells) produced larger
amounts of cyclic AMP and in the presence of IBMX (0.25 mM) the basal
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EP2 agonists increased neutrophil cyclic AMP production in a concentration-dependent
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Comparison of the increase in cyclic AMP in human neutrophils induced by PGE2l
pretreated for 10 min with AH 23848 (30 p,M).

in controls and cells

levels of 38.2
x

±

106 cells after

(n = 32) were increased to 443 ± 98 (n = 11) pmol/5
10 min incubation with 10 |xM PGE2 (p = 0.001). This

2.9
a

represents an 11.6-fold increase in
4.4-fold increase seen with human

cyclic AMP over basal compared to a
neutrophils. Agonists with activity at
EP2 receptors also increased dHL-60 cell cyclic AMP, to a maximum of
494 ± 144 (p = 0.03, n = 5), 181 ± 29 (p = 0.001, n = 7), 237 ± 95 (p = 0.01,
n = 4) and 210 ± 41 (p = 0.003, n = 7) with 10 piM misoprostol, 11-deoxy
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PGE,, butaprost and AH 13205 respectively. Concentration-response
for these agonists arc given in Figure 4.
The EP, agonist M&B 28,767 and the EP,/EP, agonist sulprostone were
dramatically less active on the dHL-60 cells compared with EP2 agonists,
increasing cyclic AMP to a maximum of 75 ± 19 (n = 8) and 39 ± 8.5
(n = 9) pmol cyclic AMP/5 x 106 cells at 10 p,M, p = 0.01 and p = 0.05
respectively. No reduction in cyclic AMP was observed with sulprostone
(Figure 5).
Similar to dHL-60 cells, control HL-60 cells (cHL-60 cells) produced
large increases in cyclic AMP in the presence of IBMX (0.25 mM). Basal
levels of 38.4 ± 4.3 (n = 15) were increased to 337 ± 72 (p = 0.002, n = 15)
pmol cyclic AMP/5 x 106 cells after a 10 min incubation with 10 p,M
PGE2. The trend for more cyclic AMP in dHL-60 cells is not statistically
significant (p = 0.09; Figure 6).
In addition, the EP2 agonist butaprost (10 p.M, 10 min) increased cyclic
AMP levels to a maximum of 140.8 ± 10.2 pmol cyclic AMP/5 x 106
cells (p = 0.04), which represents 42% of the PGE2 maximum. This is
similar to the effect of butaprost (10 p.M) on dHL-60 cells where, at the
same concentration, it achieved 54% of the PGE2 maximum.
Furthermore there was little or no effect of the PGE2-induced stimula¬
tion of cyclic AMP in cHL-60 cells by a 10 min pre-incubation with the
EP4 receptor antagonist AH 23848, 10 |xM (Figure 7).
curves

DP

Receptors

Comparison of the ability of the stable DP analogue ZK 1108418 with
PGE2 to increase cyclic AMP levels in human neutrophils, dHL-60 cells
and cHL-60 cells is shown in Figure 8. There was a dramatic difference
between the effects on the human neutrophils and the HL-60 cells. In
human neutrophils ZK 110841 and PGE2 were equipotent at increasing
cyclic AMP levels (Figure 8a). In contrast in both dHL-60 and cHL-60
cells ZK 110841 was virtually inactive, being > 1000 times less active
than PGE2 (Figure 8b and 8c).
IP

Receptors

Comparison of the ability of the stable IP analogue cicaprost16 with PGE2
to increase cyclic AMP levels in human neutrophils and dHL-60 cells is
shown in Figure 9a and 9b. Iloprost17 and carbacyclin18 have also been
examined in human neutrophils (Figure 9a). Cicaprost is the only one of
the three IP agonists to increase cyclic AMP levels, being equiactive with
PGE2 itself, and reaching a maximum of 51.9 ± 7.5 pmol cyclic AMP/5
x 106 cells at a concentration of 10 p-M (p-0.003, n = 6) in human neutro¬
phils. Cicaprost (10 jxM) showed a trend to have a weaker effect on dHL60 cells, achieving a maximum of 66.8 ± 21.6 pmol cyclic AMP/5 x 106
cells (p = 0.06, n = 7), which represents 15% of the PGE2 response.
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Cyclic AMP levels were stimulated by PGE2 in both cHL-60 (n
11) to about similar extents (P = 0.09).

Discussion

Although dHL-60 cells produced much larger amounts of cyclic AMP
than human neutrophils, agonists active at EP2 receptors increased cyclic
AMP in both cell types in a mainly similar manner. The order of potency
was PGE2 > 11-deoxy PGE, = misoprostol >
butaprost > AH 13205 for
human neutrophils (Figure 1), and PGE2 = misoprostol > 11-deoxy PGE, >
butaprost > AH 13205 for dHL-60 cells (Figure 4). Involvement of an
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Figure 7.

Comparison of the increase in cyclic AMP in cHL-60 cells induced by PGE2, in controls
pretreated for 10 min with AH 23848 (30 (j.M). No significant (P = 0.4) difference
observed (n = 9).

and cells
was

EP., receptor is unlikely since in human neutrophils the EP,/EP3 agonist
sulprostone had little effect on cyclic AMP levels (Figure 2), a slight
reduction being observed at 1 mM. Inhibition of adenylate cylase has been
linked to an action at EP, receptors19 and when the cloned EP3 receptor
was transfccted into COS cells the cyclic AMP levels were reduced.20
Furthermore the small rise in cyclic AMP with the EP3 agonist MStB
28,767 at 10 p-M may have resulted from a weak interaction with EP2
receptors21 and this could offset any fall in cyclic AMP that may be
mediated through EP, receptors. With dHL-60 cells too, the EP., agonists
were substantially less active than EP2 agonists (Figure 5), with M&B
28,767 giving a larger rise in cyclic AMP than sulprostonc. Since no fall
in cyclic AMP levels was detected with sulprostonc in dHL-60 cells,
it may suggest that these cells do not contain an EP3 receptor, or that
stimulation of EP2 receptors masked any effect.
The lack of block observed with the EP4 receptor antagonist AH 23,848

(Figures 3 and 7) suggests that the EP receptor coupled to adenylate cyclase
in both human neutrophils and HL-60 cells is an EP2 receptor and not
the newly described EP4 receptor.13'14
Comparison of the activity of the selective DP agonist ZK 110841
with PGE2 on the different cell types (Figures 8a,b,c) revealed a marked
difference between HL-60 cells and human neutrophils: ZK 110841 was
equi-active with PGE2 on human neutrophils yet it did not increase cyclic
AMP in either dHL-60 or cHL-60 cells, suggesting that these cells do not
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5). *P 1< 0.05, "P < 0.01.
with

PGD; receptors, and that the small increase observed at 10 ptM
to have resulted from a weak interaction with the EP receptor.
There is considerable evidence that, unlike EP or DP agonists, IP recep¬
tor agonists fail to inhibit activation of human neutrophils in vitro.6-7-8'9'22
This is confirmed in our study where carbacyclin and iloprost had no
significant effects on cyclic AMP levels in human neutrophils (Figure 9a).
express
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230

likely

Prostaglandins 1994:48, October

EP receptors on

CD

human neutrophils and HL-60 cells:

Armstrong and Talpain

80 1

**

CD

o
X

cicaprost
iloprost
carbacyclin

lO

cC

o
o

O,

Concentration of prostanoid

(pM)

600
cn

'3
o
CD

O

400
X
lO

cicaprost
200CJ
o

'o

s
CU

.0

.1

Concentration of
Figure 9.

1

10

prostanoid (|iM)

Increase in

cyclic AMP induced by the IP agonists cicaprost (n = 6), iloprost (n = 5) and carbacyclin
3) in a) human neutrophils and cicaprost (n = 7) in b) dHL-60 cells. Only the effects of cicaprost in
human neutrophils were significant *P < 0.05, **P < 0.01.
(n

=

,

However, the marked effects observed with cicaprost are surprising (Figure
9a) and must bring into question the selectivity of this analogue. Unfortu¬
nately, little is known about the pharmacological effects of cicaprost on
human neutrophils, as studies to date have employed other IP agonists,
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iloprost or PGI2 itself. Cicaprost did not significantly increase
cyclic AMP levels in dHL-60 cells, suggesting that HL-60 cells do not
express receptors for PGI2.
In conclusion, this study confirms that human neutrophils contain
receptors for both PGE2 and PGD2 which are positively coupled to adenyl¬
ate cyclase. The increase in cyclic AMP is unlikely to result from inhibi¬
tion of phosphodiesterase rather than stimulation of adenylate cyclase,
as all determinations of cyclic AMP were made in the presence of a high
concentration of the phosphodiesterase inhibitor IBMX. The EP receptor
subtype involved is probably an EP2 receptor as suggested by relative
activities of EP2 agonists and the lack of block observed with the EP4
receptor antagonist AH 23,848. In addition, there is weak evidence of a
population of EP3 receptors linked to inhibition of adenylate cyclase.
Similar experiments suggest that dHL-60 cells also express EP2 receptors
positively coupled to adenylate cyclase. Furthermore, since these cells
show no evidence of DP, IP or indeed EP,, receptors, these cells may provide
a useful starting point to clone the EP2 receptor. Although there are two
publications claiming to have cloned the EP2 receptor,23'24 no evidence
has been presented to prove that the cloned receptor is not an EP4 receptor.
With HL-60 cells the lack of antagonism by AH 23,848 of PGE2 in cHL60 cells (Figure 7), and the ability of the EP2 agonists butaprost and AH
13205 (Figure 4) to increase cyclic AMP, is good evidence that the EP
receptor subtype is EP2 and not EP4.
as
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Characterization of the PGE receptor subtype
inhibition of superoxide production in human
E.

mediating
neutrophils

Talpain, 'R.A. Armstrong. :R.A. Coleman & :C.J. Vardey

Department of Pharmacology, University of Edinburgh. 1 George Square, Edinburgh EH8 9JZ
1
The aims of this study were to characterize the EP receptor subtype mediating the inhibition of
superoxide anion generation by formyl methionyl leucine phenylalanine (FMLP)-stimulated human
neutrophils, and to test the hypothesis that adenosine 3':5'-cyclic monophosphate (cyclic AMP) is the
second messenger mediating the inhibition of the neutrophil by prostaglandin (PG)E2.
2
PGE, (0.001- 10 pM) inhibited FMLP (100 nM)-induced 0,-generation from human peripheral blood
neutrophils in a concentration-dependent manner, with an EC50 of 0.15±0.03pM, and a maximum
effect ranging from 36-84% (mean inhibition of 68.7 ± 2.5%, n = 32).
3
The EPrreceptor agonists, misoprostol, 11-deoxy PGE|, AH13205 and butaprost, all at 10 pM,
inhibited O,- generation, causing 95.5 ± 2.9%, 56.8 ± 5.2%, 37.1 ±6.6% and 18.9 ±4.4% inhibition
respectively, the latter two being much less effective than PGE, Similarly, the EPrreceptor agonist,
17-phenyl PGE2 (10pM), and the EP3/EPrreceptor agonist, sulprostone (10pM), also inhibited 02generation, causing 32.2 ± 7.0% and 15.3 ±3.4% inhibition respectively.
4
The non-selective phosphodiesterase inhibitor, isobutyl methylxanthine (1BMX, 0.25 mM) inhibited
the FMLP response by 54.5 ± 5.0%. In addition, IBMX shifted concentration-effect curves for PGE2,
misoprostol, 11-deoxy PGEh butaprost, and AH 13205 to the left, to give ECsos of 0.04 ± 0.03 (n = 13),
0.07 ± 0.03 (n = 4), 0.08 ± 0.03 (n = 4), 0.33 ± 0.13 (n = 4) and 0.41 ± 0.2 pM (n = 3) respectively, allow¬
ing equieffective concentration-ratios (EECs, PGE2 = 1) of 11.5, 5.3, 50.7 and 12.7 to be calculated. This
agrees well with the relative potencies of these agonists at EP, receptors.
5
By contrast, even in the presence of IBMX (0.25 mM), sulprostone and 17-phenyl PGE2 were only
effective at the highest concentration (10 pM), and gave EECs of >700 and 486 respectively, suggesting
that EP| or EP3 receptors are not involved.
6 The selective type IV phosphodiesterase inhibitor, rolipram at 2 and 10 nM did not inhibit the FMLP
response, but at the higher concentration of 50 nM, it decreased the FMLP response by 46.6 ± 7.3%.
However, rolipram shifted concentration-effect curves for PGE2 to the left to give EC50S of 0.06 ± 0.022,
0.015 ±0.0, 0.012 ± 0.006 pM at 2, 10 and 50 nM respectively, compared to the control EC50 of
0.27 ± 0.09 pM for PGE,.
7
The EP4/TP receptor blocking drug, AH 23848B (10 pM, lOmin) did not inhibit 02- generation by
PGE2, but was found to potentiate significantly the effect of PGE2 at the lower concentrations of PGE2
tested (0.001-0.1 pM).
8 The adenylate cyclase inhibitor, SQ 22,536 (0.1 mM, 2 min) reduced PGE2-induced inhibition of 02production, giving an EC50 in the absence of SQ 22,536 of 0.24 ±0.1, and 1.9±l.lpM in its
presence.
9

These results suggest

that inhibition of superoxide generation by PGE, is mediated by stimulation of

EP2 receptors and activation of adenylate cyclase, leading to the elevation of intracellular levels of cyclic
AMP.
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Introduction
The main function of

neutrophils is in host-defence. Neut¬
rophils ingest microorganisms by phagocytosis and release
toxic substances such as superoxide (O,-) and lysosomal
enzymes, which enable the neutrophil to kill any invading
pathogen.
It has been shown that prostaglandin E,, through activa¬
tion of EP receptors, inhibits the generation of 02- by
activated human neutrophils (Wheeldon & Vardey, 1993).
The main aim of the present study was to determine the
subtype of EP receptor involved, the likely candidates being
EP2 and EP4 subtypes, both of which have been linked to
stimulation of adenylate cyclase (Coleman et al., 1994: Milne
el al., 1994). Thus, we also set out to test the hypothesis that
adenosine 3': 5'-cyclic monophosphate (cyclic AMP) is the

second messenger
tion.

For these purposes, the inhibitory effects of selective EP
agonists, and the antagonistic effect of selective EP receptor
blocking drugs have been evaluated. In addition, the
modulatory effects of the adenylate cyclase inhibitor, SQ
22,536 (Harris et al., 1979), the non-selective phos¬
phodiesterase inhibitor, isobutyl methylxanthine (IBMX),
and the selective type IV phophodiesterase inhibitor, rolip¬
ram (Schudt et al., 1991), have been assessed.
Furthermore, as it has previously been shown that
adenosine released from neutrophils can inhibit O,- genera¬
tion (Cronstein et al., 1988), we have investigated the
modulatory role of endogenous adenosine using adenosine
deaminase
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mediating inhibition of neutrophil activa¬

(ADA) to break down adenosine (Cronstein et al..
1984), and the non-selective A!/A2 antagonist, 8-phenyltheophylline (8-PT), to block the effects of released adenosine
(see Collis & Hourani, 1993).
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Methods

EP receptors

on

human neutrophils

for PGE2 was run in each

neutrophil preparation, so
EC50 values for other agonists could be determined
relative to the maximum effect achieved with PGE2. From
ECS0 values, equieffective concentration ratios (EECs) were
calculated
relative
to
the
standard
agonist,
PGE2
(EEC = 1).
curve

that the

Isolation

of human neutrophils
blood

Venous

taken

was

from

forearm

the

of

healthy

volunteers, and anti-coagulated with heparin lOuml"' of
blood, mixed with an equal volume of 3% dextran in 0.9%

w/v saline and left to stand for 45 min. The leukocyte-rich
plasma was then removed and centrifuged at 280 g for
10 min and the resultant pellet resuspended in 55% Percoll
(Pharmacia) and layered on top of a discontinuous Percoll
gradient (3 ml 70% Percoll layered on top of 5 ml 81%
Percoll). The tubes were then centrifuged for 30 min at 650 g
to separate neutrophils from mononuclear cells. The neut¬
rophils (lower layer) were removed and washed twice. Red
cells remaining in the neutrophil pellet were lysed by
resuspending the pellet in 10 ml ice cold 0.2% w/v NaCl
solution for 20 s, after which 10 ml of ice cold 1.6% w/v

NaCl

was

Cells

viere

added to return the cells to isotonic conditions.
then counted in

an

improved Neubauer counting

chamber, and their viability assessed by trypan blue exc¬
lusion. Finally the resultant pellet was resuspended at a
concentration of 1.5 x 106 cells ml"1 in phospuate buffered

(PBS containing Ca2+/Mg2+, Sigma), and kept at room

saline

temperature.

Superoxide anion production
Superoxide generation
evaluation of the

was assayed by spectrophotometric
reduction of ferricytochrome C to fer-

rocytochrome C (A550nm).
Control tubes contained 5 pg per

ml of cytochalasin B

(used to enhance the amount of superoxide anion released

the

during
90

u

O.lmgml"1

reaction),

cytochrome

C

Statistical
Data

are

analysis

expressed

as

the

mean

± standard

error

of the

mean

(s.e.mean), of the averaged result taken from a minimum of
four separate experiments. Data were analysed using Student's

paired

or

unpaired 2 tailed 1 test

as

appropriate.

Materials
The following compounds were gifts which we gratefully
acknowledge: sulprostone and rolipram from Dr E Schillinger, Schering AG, Berlin; butaprost from Dr P. Gardiner,
Bayer, U.K.; AH 13205 (rra/!s-2[4-(l-hydroxyhexyl)pentyl)
phenyl]-5-oxocyclo pentaneheptanoic acid), AH 6809 (6-isopropoxy-9-oxaxanthene-2-carboxylic acid) and AH 23848B
9[la(Z), 2/3, 5a]-(±)-7-[5-[[(l,T-biphenyl)-4-yl]methoxyl]-2-(4morpho-linyl) -3-oxocyclopentyl]-4-heptanoic acid) from Dr
B. Bain, Glaxo, U.K.; 17-phenyl-u>-trinor PGE2 and 11-deoxy
PGE, were purchased from Cayman Chemicals, U.S.A.; SQ
22,536 ((9-tetrahydro-2-furyl)adenine) was synthesised in the
department by Dr N.H. Wilson.
Isobutyl methylxanthine (IBMX), FMLP, ferricytochrome
C and superoxide dismutase (SOD) were purchased from
Sigma; Cytochalasin B from Aldrich; 5'-N-ethylcarboxamido-

adenosine (NECA) from R.B.I. Ethanolic stock solutions of
the prostanoids (10-30 mM) were stored at — 20°C.

and

ml"' superoxide dismutase (SOD). In sample tubes SOD

replaced with PBS. Cells (900 pi) were incubated with
or inhibitory agent in a gently shaking water bath for
10 min at 37°C prior to the addition of formyl methionyl
leucine phenylalanine (FMLP) (100 nM). When antagonists
were studied, they were incubated for 10 min prior to the
addition of EP agonists or the adenosine mimetic, 5'-Nethylcarboxamido-adenosine (NECA). Ten min after the
addition of FMLP, the reaction was terminated by immers¬
ing the tubes in ice for 5 min and the samples centrifuged at
1000 r.p.m., 4°C, for 5 min, to sediment the cells.
The absorbance of the supernatants was measured with a
Cary spectrophotometer.
was

Results

PBS

Inhibition

of superoxide generation by PGE2

FMLP (100 nM) in the presence of cytochalasin B (5 pg per
ml), induced a submaximal release of 02- of 6.7 ± 2.7 nmol
per 106 cells per 10 min (n = 6). This concentration of FMLP
achieved 91.9 ±6.0% of the maximal effect induced by
300 nM FMLP, n = 5. PGE2 (0.001-10 pM) produced a

concentration-related

inhibition

of

FMLP-induced

de¬

a maximal effect of 68.7 ± 2.5% inhibi¬
concentration of 10 pM (EC50 = 0.15 ± 0.03 pM,

generation, achieving
tion

at

a

32). The maximal degree of inhibition was variable rang¬
ing from 36-84%. A 10 min pre-incubation with PGE2 prior

n =

Data

analysis

Each incubation

carried out in

duplicate and the values
averaged. The amount of superoxide anion produced (nmol
per 106 neutrophils per 10 min) was caf ulated with the fol¬
lowing equation:
was

dE
10"

x

Q x d

—

Inhibition

L

L=1.5xl06 cells per ml

= concentration of human neut¬
rophils; dE = (absorbance of samples without SOD)(absorbance of samples with SOD); Q = coefficient of molar
te =

1

21.1 x 103 M"1

by

a

cm"1;

d

=

thickness

of

cuvet¬

cm.

Effects of the various
ressed

as

drugs on 02- generation were exp¬
inhibition of the response produced
effective concentration of FMLP

the percentage

submaximally

(100 nM).
EC50 values

was

selected

as

consistent with

workers. Pre-incubation times of
0, 15 and 30 min gave EC50S for PGE2 of 0.15 ±0.07,
0.17 + 0.07 and 0.11 ± 0.06 pM respectively (n = 4), none of
which varied significantly (P>0.05) from that at 10 min.

1
x

extinction

to the addition of FMLP
studies published by other

were calculated (concentration of agonist
required to produce 50% of the maximal effect of PGE2) for
all the EP-receptor agonists, in the presence and absence of
antagonists using the Apple Macintosh programme
'Kaleidagraph'. Kaleidagraph is not a graph-fitting but a
graph-drawing programme and so uses the experimental
maximum observed to determine the EC50 value. A control

of superoxide generation by selective EP

agonists
EP2-receptor agonists,
11-deoxy PGE,,
butaprost, (all at 10 pM) were less potent and
caused significantly less inhibition (/><0.05) than PGE2,
causing 49.3 ± 5.4% (n = 6), 32.1 ± 3.4% (n = 8) and 13.9 ±
4.3% (n = 16) inhibition respectively at concentrations of
10 pM (Figure la). Taking the maximal effect of PGE2 at
10 pM as 100% response, apparent EC50S are 0.5 ± 0.2 (n = 6)
and ^ 10.0 (n = 8) and >10.0pM (n = 16) respectively.
Misoprostol, an EP2/EP3-receptor agonist, was slightly less
potent than PGE2 (EC50 = 0.35 ± 0.1 pM (n = 4), with an
EEC of 2.8), but more effective than PGE2 at 10 pM, giving a
maximal inhibition of 95.5 ± 2.9% (Figure la).
The cyclo-oxygenase inhibitor, indomethacin (3 pM) did
The

selective

AH 13205 and

not

significantly effect inhibition of superoxide generation by
or AH 13205 (n = 4) (Figure lb).

PGE2, butaprost
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The EP, receptor

agonist, 17-phenyl-a>-trinor PGE2 (0.1pM) caused significantly (P< 0.05) less inhibition than
PGE2 giving 32.2 ±7.1% inhibition at a concentration of
10 pM (EC50 = 16.9 ± 8.4 pM, n = 4) (Figure 1c). Similarly,
the EP1/EP3 receptor agonist sulprostone (0.1- 10 pM) gave a
maximal inhibition of only 15.3 ±3.4% at 10 pM (EC,5 =
17.7 ± 10.8 pM. n = 6), (Figure lc).
10

Effect of IBMX

on

In

of IBMX (0.25 mM), concentration-effect

the

presence

inhibitory effects of EP agonists

for PGE2 were shifted to the left (ECso 0.04 ± 0.03 pM,
n = 13), and the maximum inhibition at 10 pM increased to
83.9 ± 5.2%. IBMX (0.25 mM) itself reduced the FMLP re¬
curves

sponse

by 54.9 ± 5.0%, and % inhibitions in the

presence

of

EP
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receptors on human neutrophils

EP

agonists

were

calculated from this reduced FMLP

re¬

sponse.
The selective

EP2 receptor agonists, misoprostol, 11-deoxy
PGE|, AH 13205 and butaprost were also more effective
inhibitors of 02- production by FMLP when the neutrophils
were
treated with IBMX (0.25 mM), causing 93 4 ±3.5%
inhibition at 10 pM (EC50 = 0.07 ± 0.03 pM. n = 4), 79.9 ±
9.7% (ECso = 0.08 ± 0.03 pM, n = 4), 61.4 ±6.0% at 10 pM
(ECW = 0.3 ± 0.1 pM, n = 4) and 57.1 ±6.1% at 10 pM
(EC50 = 0.4 ± 0.2, n = 4) respectively (Figure 2a). Thus,
equieffective concentration-ratios (EECs) for misoprostol, 11deoxy PGE,, AH 13205 and butaprost of 1.75, 5.3, 12.7 and
50.7, respectively were determined.
In

no
significant difference (P>0.05) was
sulprostone in the presence of IBMX, whereas
inhibition obtained with 17-phenyl PGE2 was increased, but
only at the highest concentration (10 pM, 56.8 ± 8.2% com¬
pared to 31.0 ±6.0%) (Figure 2b).

contrast,

observed with

100

Effect of selective prostanoid receptor antagonists

0.001

0.1

0.01

When neutrophils were pre-incubated with the EP4 receptor
antagonists, AH 23848B (10 pM, lOmin), there was no
significant (/>>0.05) antagonism of the inhibition produced
by PGE2. However, a potentiation of the inhibitory effect of
PGE2 at the lower concentrations of PGE2 tested (0.0010.1 pM) was observed (Figure 3a). This potentiation of inhibi¬
tion by AH 23848B was also observed in the presence of
IBMX (data not shown). An even greater potentiation of
inhibition induced by butaprost (0. l-10pM) was found
(Figure 3b), although no inhibitory effect was observed with
AH 23848B alone. Indeed, AH 23848B (10 pM, lOmin) in¬
creased the release of 02- stimulated by FMLP from
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Figure 1

Log concentration-effect curves for EP-receptor agonistgeneration in human neutrophils
PGE2 (■), misoprostol (□), 11deoxy-PGE, (A) and butaprost (A); (b) PGE, (■), AH 13205 (•)
and butaprost (A). Continuous lines represent control neutrophils
and dash lines, neutrohils treated with indomethacin (3pM); (c)
PGE2 (■), 17-phenyl-to-PGE, (O) and sulprostone (x). The values
inhibition of superoxtde anion
induced by FMLP (100 nM). (a)

the mean ± s.e.mean of 14 different donors for PGE,, and 4
different donors for the other agonists. For abbreviations for this
and all legends, see text.
are

0.001

0.01

Cone of EP

Figure 2

0.1

1

10

agonist (pM)

Log concentration-effect curves for EP-receptor agonistsuperoxide anion generation in neutrophils treated with
IBMX (0.25 mM). (a) PGE2 (■), misoprostol (□), 11-deoxy-PGE,
(A), AH 13205 (•) and butaprost (A); (b) PGE, (■). 17-phenyl-ujPGE2 (O) and sulprostone (X). The values are the mean ± s.e.mean
inhibition of

of 4 different donors.
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13.9 ± 1.4 to 16.0 ± 1.7nmol 02- per 10 min per 106 cells,
(n = 5). AH 23848B similarly potentiated inhibition induced
by low concentrations of the adenosine-mimetic, 5'-Nethylcarboxamido-adenosine (NECA) (Figure 3c).
The EPi/DP-receptor antagonist. AH 6809 (10 pM, lOmin),
significantly (/><0.05) antagonized the inhibitory effects of
1.0 and 10, but not 0.1 pM PGE2 (Figure 4a). From EC50
values, a pA2 of 6.04 was calculated for AH 6809. AH 6809
on its own at 1 and 10 pM significantly (P = 0.004 and 0.02,
respectively), increased 02- release induced by FMLP from
13.3 ± 2.4 to 15.9 ± 2.5 and 17.0 ± 2.0 nmol 02- per 10 min
per 106 cells respectively (n = 4). AH 6809 also antagonized
the inhibitory response induced by NECA (Figure 4b), with a
pA2 of 6.83.

Role

of cyclic AMP in the inhibition of neutrophil

activation
The

adenylate cyclase inhibitor, SQ 22,536 (0.1 mM, 2 min),
significantly (P<0.05) reduced PGE2-induced inhibition of

EP receptors on human neutrophils
02- production, giving an EC50 in the absence and presence
of SQ 22536 of 0.24 ±0.1, and 1.9±l.lpM respectively

(Figure 5). Conversely, non-selective inhibition of phos¬
phodiesterase with IBMX (0.25 mM) potentiated the
inhibitory effects of PGE2 (Figure 2a). However, at this
concentration, IBMX itself inhibited the FMLP response by
54.9 ± 5.0% (n = 10), a fact which could account for the
increased effectiveness of

PGE2.

The

specific type IV phosphodiesterase inhibitor, rolipram
at concentrations of 2 and 10 nM, did not have any significant
effect on FMLP response, reducing the FMLP effect by
8.8 ± 5.4% and 29.7 ±15.1% respectively, whereas at the
concentration of 50 nM, it significantly (P < 0.05) reduced the
FMLP response, by 46.6 ± 8.4%. Yet rolipram, at all three
concentrations (2, 10 and 50 nM) shifted the concentrationeffect curve for PGE2 leftwards, with EC50s of 0.06 ± 0.02,
0.01 ±0.0 and 0.012 ± 0.006 pM respectively (Figure 6). The
cyclic AMP analogue, 8 bromo cyclic AMP (1.0-100 pM),
did not give consistent results, inhibition varying from 0 to
14.5%.

Role

of endogenously produced adenosine

Removal
of endogenous adenosine with the enzyme,
adenosine deaminase (ADA, 1.0 u ml"'), had no significant
effect upon concentration-effect curve for PGE2 (EC50 of
0.42 ± 0.15 pM for PGE2 and 0.1 ± 0.4 pM for PGE2 + ADA)

(Figure 7a), although the maximal inhibition was significantly
increased from 55.3 ±8.1 to 68.3 ± 6.8%, n = 6. ADA itself
significantly (P< 0.05) increased the production of 02- by
FMLP from

1.0

x

10~8mol 02- per

10"8 ± 0.2

x

10"8

to

106 cells,

1.3 x 10"8 ± 0.1

x

6. The non¬
selective adenosine receptor antagonist, 8-phenyl theophylline
(8-PT, 10 pM), had no significant (P>0.05) effect upon
concentration-effect curves for PGE2 (EC50S of 0.4 ±0.17 for
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Figure 3 Effect of a 10 min pre-incubation with the EP4 receptor
anatagonist AH 23,848 (10 pM) on inhibition of FMLP-induced
superoxide anion generation in human neutrophils by (a) PGE2, (b)
butaprost and (c) NECA. Solid columns represent control neut¬
rophils and hatched columns, neutrophils treated with AH 23,848.
The values

are

the

mean

±

s.e.mean

of 4 different donors.

Cone of

PGE2 (pM)

0.01

0.1

Cone of NECA

1

(pM)

Figure 4 Effect of a 10 min pre-incubation with the EP, receptor
anatagonist, AH 6809 (10 pM) on inhibition of FMLP-induced
superoxide anion generation in human neutrophils by (a) PGE2 and
(b) NECA. Solid columns represent control neutrophils and hatched
columns, neutrophils treated with AH 6809. The values are the
mean

±

s.e.mean

of 4 different donors.
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Figure 5

a 2 min pre-incubation with the adenylate cyclase
SQ 22,536 (100 gM) on inhibition of FMLP-induced
superoxide anion generation in human neutrophils by PGE2. Solid
columns represent control neutrophils and hatched columns, neut¬
rophils treated with SQ 22,536. The values are the mean ± s.e.mean

inhibitor,

of 8 different donors.
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ide anion

(■) 0,
mean

±

Log concentration-effect curves for inhibition of superox¬
generation by PGE, in neutrophils treated with rolipram at
(□) 2, (A) 10 and (O) 50 nM. The values are the

s.e.mean

of 4 different donors.

PGE2 and 0.24±0.1pM for PGE2 + 8-PT.
the

maximal

n =

5) although

response
was
increased slightly
38.9 ± 4.9% to 47.7 ± 6.0% with 8-PT (Figure 7b).

1

PGE2 (gM)

Log concentration-effect curves for inhibition of superox¬
generation by PGE2 in FMLP-stimulated human neut¬
rophils. (a) PGE2 in control neutrophils (■) and neutrophils treated
with adenosine deaminase (1 uml"1) (□); (b) PGE2 in control neut¬
rophils (■) and neutrophils treated with 8-phenyl theophylline
(10 gM) (•). * represents P<0.05 The values are the mean ±
s.e.mean of a result from 6 and 5 donors respectively.
Figure 7

ide anion

from
preparations (Nials et al., 1991; 1993) where EECs of 1-4,
2-5, 6-30 and 30-100 have been reported.
In contrast, IBMX treatment did not significantly affect
inhibition by sulprostone, and increased the activity of 17tor

Discussion

PGD2 and PGE2

are

release in the human
Wheeldon & Vardey,

known to be potent inhibitors of 02neutrophil (Gryglewski et al., 1987;
1993). In the present study we have

investigated the effects of selective EP receptor agonists and
prostanoid receptor antagonists on FMLP-induced release of
02-, in order to elucidate the subtype of EP receptor
occupied by PGE2 in producing inhibition of 02- release.
The EP2 receptor agonists, misoprostol, 11-deoxy PGE,,
butaprost (Gardiner, 1986; Lawrence & Jones, 1992) and AH
13205 (Nials et al., 1993), while effective, were found to be
less potent than PGE2 itself, the latter two analogues produc¬
ing a significant effect only at a concentration of 10 gM.
However, one must question the selectivity of a compound at
10 gM, and the EP, agonist, 17-phenyl PGE2 as well as the
EP,/EPj agonist, sulprostone, also showed weak inhibitory
effects at this concentration, suggesting some crossover on to
this inhibitory EP receptor at high concentrations. When the
experiments were repeated with neutrophils treated with
IBMX (0.25 mM), the concentration-effect curves for all the
EP2 agonists were significantly shifted to the left, allowing
EECs of 11.5, 5.3, 50.7 and 12.7 to be calculated. This agrees
well with the relative potency of these agonists on EP2 recep¬

phenyl PGE2, only at the highest concentration 10 pM, allow¬
ing EECs of > 700 and 486 to be calculated for sulprostone
and 17-phenyl PGE2 respectively. Sulprostone is a potent
agonist at EP3 receptors of the guinea-pig vas deferens,
EEC = 0.15, PGE2 = 1 (Coleman et al., 1987) as well as at
EP, receptors of the guinea-pig fundus, EEC = 2.5, PGE2 = 1
(Coleman et al., 1988) but shows weak activity at EP2 recep¬
tors of the cat trachea, EEC>7000 (Coleman et al., 1988) or
EP4 receptors of the pig saphenous vein, EEC > 3000 (Col¬
eman et al.,
1994). Similarly, 17-phenyl PGE2 is a potent
agonist at EP, receptors, but not at EP2 receptors (Lawrence
et al., 1992). This apparent lack of activity by these agents,
therefore, confirms that the EP receptor of major importance
in mediating PGE2-induced inhibition of Oz--release is not of
the EP, or EP3 receptor subtypes.
The results so far imply that either EP2 or EP4 receptors
are those involved in PGE2-induced inhibition of 02prod¬
uction. Investigation of the EP4 receptor of the pig saphenous
vein (Milne et al., 1994) found 11-deoxy PGE,, butaprost
and AH 13205 to cause relaxation with EECs (PGE2 = 1) of
2, 42 and 6600 respectively. With this in mind, the effect of

E. Talpain et al
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EP4 receptor antagonist AH 23848B was examined. AH
(10 pM) did not block the inhibitory response to
PGE2, but surprisingly, a potentiation of the effects of the
lower concentrations of PGE2 (0.001—0.1 gM) was observed.
In addition, AH 23848B was also found to potentiate the
weak inhibitory action of butaprost. The action of AH
23848B on butaprost first led us to believe that AH 23848B
may have been acting as a partial agonist and not as an
antagonist as described by Coleman et al. (1994), but this is
unlikely as AH 23848B showed no inhibitory effect when
incubated with neutrophils on its own. It seems unlikely that
AH 23848B is acting as a phosphodiesterase inhibitor as
potentiation of inhibition was still observed when PGE2 was
examined in IBMX treated neutrophils. Furthermore, this
effect appears to be unrelated to the EP4 receptor blocking
activity of AH 23848B as potentiation of the adenosinemimetic, NECA was also observed. Since AH 23848B was
originally synthesized .as a thromboxane receptor antagonist
(Coleman et al., 1990), possible interactions with the TP
receptor are under investigation.
The EP,/DP-receptor antagonist AH 6809 (Keery &
Lumley, 1988), was found to produce a significant inhibition
of the effects of 1 and 10 (xm PGE2 (pA2 = 6.04), which is
unlikely to be due to an effect through EP,-receptors as both
sulprostone and 17-phenyl PGE2 were such weak inhibitors
of superoxide generation. This may relate to a nonspecific
effect of this compound, as AH 6809 was also found to
23848B

inhibit

(pA2
EP

=

or

the

effects

of

the

adenosine

6.83) suggesting that AH 6809 is

not

agonist NECA
acting on either

DP receptors.

Prostaglandins of the E series are known to activate
membrane-bound adenylate cyclase in human neutrophils,
and to increase intracellular cyclic AMP levels (Bourne et al.,
1971). It is possible therefore, that the increase in cyclic AMP
induced by PGE2 may in turn inhibit the release of 02- from
human neutrophils. Indeed, many groups have studied the
effects of PGE series prostaglandins on cyclic AMP in human
neutrophils with relation to superoxide and lysosomal
enzyme

activate

release (Zurier

et

al., 1974). PGE2 can be shown to

membrane

EP receptors

on

human neutrophils

SQ 22,536 is not a very effective inhibitor of adenylate
cyclase, and it is not possible to block adenylate cyclase
activity completely.
Secondly, the inhibitory effects of PGE2 are significantly
potentiated after phosphodiesterase block with IBMX and
rolipram. The inhibition of phosphodiesterase and the resul¬
tant increase in neutrophil cyclic AMP levels was itself foundto inhibit the FMLP response by about 50% with both
IBMX (0.25 mM) and high concentrations of rolipram. This
demonstrates that the production of 02- by FMLP is suscep¬
tible to inhibition by increased cyclic AMP levels. In addi¬
tion, the finding that lower concentrations of rolipram, which
do not inhibit the FMLP response, are still capable of poten¬
tiating inhibition by PGE2 suggests that this action results
from the phosphodiesterase block and not the reduction in
FMLP stimulus.
Further evidence that the effect of IBMX is
result from adenosine

unlikely to
receptor block, is provided by the

observation
that
neither
ADA
nor
8-PT
shift
the
concentration-effect curve for PGE2 in a similar manner to
IBMX.

Thirdly, there is an
between the increase in

impressive correlation (r = 0.92)
cyclic AMP levels (Armstrong &
Talpain, 1994) and the inhibition of 02- generation partic¬
ularly when the phosphodiesterase inhibitor (IBMX) is used
to evaluate the inhibition of the superoxide generation, as is
the case when cyclic AMP levels are measured. As would be
predicted, a threshold increase in cyclic AMP is required
before any inhibitory effect can be detected.
However, results with 8 bromo cyclic AMP were poor, but
inhibition of neutrophil activation has previously been shown
by Wong et al. (1980) using the cyclic AMP analogue
dibutyryl adenosine 3',5'-monophosphate.
Taken together, these results suggest that cyclic AMP acts
as a second messenger to mediate the inhibition by PGE2 and
EP2 agonists of FMLP-induced superoxide formation. This
has also been suggested by Li et al. (1993). The exact
mechanism by which cyclic AMP inhibits 02- generation still
remains

to

be elucidated. However, it has been demonstrated

adenylate cyclase, but the increase in
cyclic AMP in the whole cell is small, and can only be seen in
the presence of a phosphodiesterase inhibitor to prevent cyc¬
lic AMP breakdown (Lad et al., 1984). Although it has been
proposed that these small increases in cyclic AMP are
sufficient to inhibit various specific functions in the neut¬
rophil (Lad et al., 1984), the fact that these observations
could be seen only in the presence of a phosphodiesterase
inhibitor, and that cyclic AMP ievels slowly increased over a
lOmin time scale still cast doubt on the hypothesis that
cyclic AMP is the second messenger mediating inhibition of
02- generation by PGE2.
The demonstration that prostaglandins can elicit an inc¬
rease in cyclic AMP is not on its own sufficient
proof that
cyclic AMP is the second messenger involved. The present
study set about trying to accommodate three more criteria
thought to be essential for concluding that cyclic AMP is the

& Schror, 1991) that the increase in
produced by PGE2 in human neut¬
rophils is paralleled by a decrease in extracellular Ca2+ influx
which may lead to the attenuation of receptor-mediated neut¬
rophil activation by FMLP. It is interesting to note that
Sedgwick et al. (1985) found that although cyclic AMP levels
increased in all neutrophils stimulated by the three different
neutrophil activators, FMLP, phorbol myristate acetate and
serum-treated zymosan, inhibition of 02
was seen only in
the neutrophils treated with FMLP. This finding suggests
that the influence of prostaglandins on 02- production
depends on the nature of the neutrophil activation stimulus,
and that an increase in cyclic AMP in the activated neut¬
rophil alone is not always sufficient to limit 02- generation.
As a result of this, any conclusions drawn in this study must

second messenger:-

inhibition of FMLP-induced

First, we have shown that the adenylate cyclase inhibitor,
SQ 22,536 (Harris et al., 1979), significantly antagonized the
inhibition of 02- generation produced by PGE2. This result
suggests strongly a causal link between cyclic AMP and
PGE2, as it shows that inhibition of the enzyme responsible
for cyclic AMP production (adenylate cyclase) significantly
reduces the action of PGE: on 02- generation. Unfortunately

funded by Glaxo.

(Hecker

et al., 1989; Ney
intracellular cyclic AMP

be restricted to FMLP.
In

conclusion, the results of the present study suggest that

superoxide generation by pros¬
tanoids is mediated by the occupation of EP2 receptors and
activation of adenylate cyclase, leading to the elevation of
intracellular levels of cyclic AMP.
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