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Abstract

Mononuclear phagocytes are known to play a key role in various
phlogistic reactions by synthesizing and releasing products that may
potentiate or inhibit inflammatory processes. The expression of these
products appears to be dependent on the source of the macrophage population
as well as the stimulus employed. We have studied superoxide anion (0.)
production as well as the generation of PGE_, PGF, , and TXB, from
resident, oil-elicited and thioglycollate-induced peritoneal”macrophages in
mice in the presence and absence of chemotactic peptides. Production of
0., occurred only in elicited macrophages stimulated with high
concentrations of FMLP or C5a; resident cells stimulated with either of the
chemotactic peptides were completely unresponsive. Although resident
peritoneal macrophages incubated with chemotactic peptides did not generate
02, these cells did secrete significant levels of PGE,, PGF o’ and TXB2 in
response to C5a. FMLP had no stimulatory effect. %cited macrophages
generated increased levels of PGE, and PGF, when incubated with C5a.
However, production of TXB, was not stimulated. FMLP was inactive in
stimulating PGE,, PGF, , anid TXB, in all types of macrophages studied.
These studies indicaté a heterogéneity in the production of inflammatory
mediators from various macrophage populations in response to chemotactic
factors.

Introduction

Recent experimental evidence has demonstrated that mononuclear
phagocytes can synthesize and release a variety of inflammatory mediators
including lysosomal enzymes (1,2,3), plasminogen activator (4), oxygen
metabolic products (5,6,7), and arachidonic acid metabolites (8,9,10). The
expression of any of these phlogistic mediators is not only dependent upon
the nature of the inflammatory stimulus but also on the source of the
mononuclear phagocytes (11,12). This is especially true concerning the
ability of two potent chemotactic stimuli, C5a and N-formylmethionyl leucyl
phenylalanine (FMLP), to stimulate the synthesis and release from various
peritoneal macrophage populations, of superoxide anion (0.) and
cyclooxygenase products (Prostaglandin E,, PGE,, Prostaglandin F__, PGF2
and thromboxane B TXB ) Our studies Semons%rate that the chemotactica
peptides C5a and gMLP produce only slight increases in 02 levels from
elicited mouse peritoneal macrophages, while resident peritoneal
macrophages are totally unresponsive, C5a, but not FMLP, is effective in
stimulating the release of cyclooxygenase products from the various
macrophage populations. These data suggest that there are important
differences between various macrophage cell populations with respect to
their ability to be stimulated by chemotactic peptides resulting in
mediator release.

Methods
Animals. Female, CBA/J mice (Jackson laboratories, Bar Harbor, ME)
were used in all experiments. Mice were maintained under standard care and

given food and water ad libitum.

Macrophage cultivation. Peritoneal macrophages from CBA-J mice were
elicited by the intraperitoneal injection of 2 ml thioglcollate medium
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(Becton Dickinson, Cockeysville, MD) or 2 ml of Marcol light oil (Mobil 0il
Co.). Four days after injection, peritoneal macrophages were harvested,
washed in RPMI-1640 medium (Gibco, Grgnd Island Biological Co., Grand
Island, NY) and resuspended at 5 x 10°/ml in RPMI-10% fetal calf serum
containing 100 units/ml penicillin and 100 pg/ml of streptomycin. Resident
macrophages were harvested_from the peritoneum, washed and resuspended in
the medium. Cells (5 x 10°) were added to plastic dishes (35mm diameter;
Costar, Cambridge, MA). The cells were allowed to adhere for 16 hrs at 37°%
in 5% C0,/95% air prior to the addition of chemotactic peptides. The
numbers of macrophages adherent to the surface of the culture dishes were
determined by direct counting of adherent cells, as described elsewhere
(13). This methodology has beeg confirmed by the use of biochemical para-
meters (14). Typically, 3 x 10 macrophages were found to adhere to
individual plates.

Assay for superoxide anion. A modification of the procedure of
Johnston et al. (13) was used to quantitate the production of 0,. Briefly,
adherent monolayers of macrophages were washed three times with“"Hanks
buffer. One ml of 80 uM ferricytochrome C in Hanks buffer was added alone
or in the presence of one of the following reagents: C5a, opsonized
zymosan, N~formyl methionyl leucyl phenylalanine, or phorbol myristate
acetate (PMA). The cell cultures were allowed to incubate for 120 minutes
at 37C in 5% CO, 95% air. The reaction mixtures were then removed by
decantation, thé fluids cleared of cells by centrifugation, and the optical
density of the supernatants determined spectrophotometrically at 550 nm.
Superoxide anion concentration was calculated as the superoxide dismgtasg
inhibitable reduction of ferricytochrome C and expressed as nMoles 02/10
cells/2 hr. (13). Each sample was examined in triplicate.

Assay for cyclooxygenase products. Radioimmunoassays (RIA) using
antibodies and methods developed by Fitzpatrick et al. (15,16,17) were used
to quantitate prostaglandin E2 (PGE,), prostaglandin F (PGF2 ) and
thromboxane B, (TXB,) in macrophage culture fluids. Prior to assay, sample
were extracteg to rémove protein and free fatty acids. Bound ligand was
separated from free ligand by the use of dextran-coated charcoal. The
limits of sensitivity for PGE,, PGF, , and TXB, were 8 picograms, 4

. . 2 a
picograms, and 2 picograms, réspectively. Levels of the above cyclooxy-
genase products were expressed as ng/l0 cells/2 hr. All samples were
examined in triplicate.

Reagents. C5a was isolated and purified according to the procedure of
Fernandez and Hugli (18). Ferricytochrome C (Horse heart, type II), PMA,
zymosan, superoxide dismutase (bovine blood, type I), indomethacin and FMLP
were all obtained from Sigma Chemical Co. (St. Louis, MO).

Results

Comparison of C5a and FMLP-induced release of 0., from resident and
elicited peritoneal macrophages. Superoxide anion lévels, measured as the
superoxide dismutase inhibitable reduction of ferricytochrome C, were
examined in both resident and elicited peritoneal mouse macrophages
stimulated with either C5a or FMLP. Cultured resident and oil elicited
macrophages obtained from the peritoneum of normal mice released minimal
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0. when challenged ggth eiEEBr C5a or FMLP. Over a 6 log range of FMLP
concentrations, (10 10 M), levels of 0, in resident macrophage
cultures were not elevated significancantly above the levels found in
fluids in which cells had been incubated in Hank's buffer (Figure 1).
Cultured macrophages elicited by thioglycollate exhibited an increase in 0;
productig9 abogg control_galues only at extremg%y high concentrations of
FMLP (10 ', 10 ~, and 10 "M; Figure 1). At 10 "M FMLP, an approximate
2-fold increase above control values of O; production was observed.

As with FMLP, the chemotactic peptide C5a failed to stimulate
significant release of 0, in cultured resident and oil elicited macrophages
(Figure 2). Over a concéntration range from 50 ng/ml to 4 ug/ml, C5a
failed to stimulate O, production from these cells (Figure 2).
Thioglycollate elicitéd macrophages did respond to C5a with production of
02, but only at high concentrations (above 1 ug/ml). The higher
concentrations of C5a were shown to induce a 2-4 fold increase in 0
production above control values.

2

In order to compare superoxide production from resident and elicited
macrophage in the presence of other stimuli, opsonized zymosan and PMA were
used as the stimulus. As shown in Figure 3, peritoneal macrophages,
regardless of source, respond to opsonized zymosan and PMA with 0
generation. Both the particulate and soluble stimuli were active over a
wide range of concentrations. In each case thioglycollate induced
macrophages were the most responsive. These data are consistent with
previously reported experiments that demonstrate the ability of
thioglycollate-elicited macrophages to generate high levels of O; in
response to opsonized zymosan and PMA (13).

Production of prostaglandins by macrophages treated with C5a and FMLP.
The production of PGE,, PGF, , and TXB, were examined in elicited and in
resident macrophages %ollow1ng contact with chemotactic peptides. An
interesting dichotomy between the effect of FMLP and Cég was ogserved
(Figure 4 and 5). Over a wide concentration range (10 to 10 M), FMLP
did not significantly stimulate the synthesis of PGEZ’ PGF, , or TXBZ above
control values (cells incubated in the absence of chemotac%%c peptide).
This observation was independent of the source of macrophage. After
contact with human C5a, both elicited and resident macrophages demonstrated
an increase in the synthesis of PGE_,, PGF and TXB, (Figure 5). When
compared to their respective contro% values resideng macrophages had an
increased capacity for the synthesis and release of PGE_,, PGF_, , and TXB
as compared to the elicited (thioglycollate and oil) macrophage
populations. Production of PGE, in response to a wide range of
concentration of C5a is shown in Figure 5a. Although an increase of
approximately 2-fold in levels of PGE, from resident macrophages levels was
observed when the C5a concentration was 100 ng/ml, there was a plateau
effect in the levels of PGE, when the dose of C5a was 1 pg/ml, resulting in
a 6-fold increase in PGE, lévels above control values. The synthesis of
PGF and TXB, by C5a stiImulated resident macrophages were increased 3 and
2 fo?d, respectively (Figure 5b and 5¢). When thioglycollate or
oil-elicited macrophages were similarly studied, C5a induced lower levels
of PGE,, PGF and TXB,. With these cells, the highest doses of C5a
producéd a two fold increase in level of PGE2 and PGFZu levels, whereas
little generation of TXB2 occurred.

23
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Fig. 1: Effect of FMLP on superoxide anion generation by elicited
and resident peritoneal macrophages.
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Fig. 2: Generation of superoxide anion by elicited and resident
peritoneal macrophages in response to C5a.
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Fig. 3: Superoxide anion generation by elicited and resident
peritoneal macrophages in response to particular (zymosan)

and soluble (PMA) stimulus.
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Fig. 4: Synthesis of prostaglandin E,, prostaglandin an and
thromboxane By by elicited and resident peritoneal
macrophages in response to various concentrations of FMLP.
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The production of arachidonate metabolites by either resident or
elicited populations could be completely suppressed by the presence of
10 'M indomethacin. As shown in Table 1, resident macrophages in the
presence of this inhibitor did not respond with production of PGE,, PGF
and TXB, in the presence of chemotactic peptides. Furthermore, residen%
macrophidges treated with this drug also showed markedly reduced amount of
PGE,, PGF and TXB, when the cells were suspended in Hank's medium; as
compared %o slmllarEy treated cells in the absence of indomethacin.

Discussion

The interaction between cellular and humoral mediator systems
represents two major components of all phlogistic processes. This is
exemplified by the interaction between granulocytes and chemoattractants
during an inflammatory event. Although the response of neutrophils to
chemotactic factors has been well characterized (19,20,21), specific
responses of mononuclear phagocytes to chemoattractants remains less well
defined. This is especially true with regard to C5a-induced macrophage
stimulation and secretion (3).

Recent investigations have demonstrated that various N-formyl peptides
are potent chemotactic agents for many macrophage populations (22,23), but
these same peptides are both species and population dependent with regard
to their ability to cause generation of phlogistic products from these
cells (11,12,24). For example, guinea plg and rabbit peritoneal
macrophages stimulated with N~formyl peptides respond with a rapid increase
in O, consumption and a concommitant rise in the production of superoxide
anion and hydrogen peroxide (12). However, guinea pig, but not rabbit
pulmonary macrophages synthesize and release 0, after contact with N-formyl
peptides (11,12,24,25). Earlier studies have aemonstrated that 0
generation may vary within a population of macrophages depending upon the
method used to elicit the cells (13). Thus, thioglycollate or
lipopolysaccharide-elicited mouse peritoneal macrophages generate
significant levels of 0. in response to either a soluble, (PMA), or
particulate, (opsonized zymosan), stimulus, while resident mouse peritoneal
macrophages are much less responsive (5,13).

Various macrophage populations have also been examined for the ability
to synthesize and release arachidonate metabolites in response to specific
stimuli (8,26,27). These studies have centered around the production of
PGE2 from elicited and resident mouse peritoneal macrophage in response to
PMA"(28), opsonized zymosan_(27) and, more recently, immune complexes (29).
As with the production of 0,, the synthesis and release of arachidonic acid
products in response to an %nflammatory stimulus appear to be dependent on
the source of the macrophages.

Since synthesis and release of inflammatory mediators may be dependent
upon the stimulus as well as the species and population of macrophages
under investigation, we were interested in examining the effects of two
diverse chemotactic factors, FMLP and C5a, on the production of 0. and
generation of metabolites of arachidonic acid, specifically PGEZ, PGan’
and TXB,. Resident and elicited mouse peritoneal macrophages weére
quantitatively and qualitatively compared. Resident peritoneal macrophages
stimulated with either C5a or FMLP over a wide concentration range failed

794 DECEMBER 1982 VOL. 24 NO. 6



PROSTAGLANDINS

T —— T —r—
® Thioglycollate elicited A
O OMN slicited

O Resident PGE;

FOLD INCREASE AS COMPARED TO CONTROLS
T
L

c
TXB,

104 P
8} -
6F -
a4 B
2 i i -
T T T —T

01 05 1.0 5.0

CS5a CONCENTRATION (ug/ml)

Fig. 5: Synthesis of prostaglandin E,, prostaglandin FZ&’
and thromboxane By by elicited and resident peritoneal
macrophages in response to various concentration of C5a.

DECEMBER 1982 VOL. 24 NO. 6 795



PROSTAGLANDINS

*UTOBYIIWOPUT K

0T yata pozeaizaad siem g 3aed ul saanjTnd a8eydoadew TV

L *¥
*s1y g/sTIed ooH\meuwocmc se passaidxa mumq*
*UTOBYISWOPUT zm|0H jo @ouasaiad 8yl uy I233nq
T013u0d 10 ‘gTHA ‘BGD Y3Tm poieaal sofeydoaoew Teouojraad juapisax ‘g pue s98eydoideuw [eauolfaed
P93¥O0TT® PuE JUIPFSaI WOIF meH pue .dwmum .Nmom jJo @sea2T91 PeONPUT J03IDEJ DFIDEIOWAYD ‘Y T 9[qel
60077T¢0" TT0°;6£0° 600°76L0° **uomusp §,jueq
£0073920° ET0°;TY0° T10°;60° **qumoloa
T10°;0€0° %T0°;S%0°  ZI0°;TT” (5750 Tu/312
ey T ‘and T5d g
€0°;ee” L0°,0%" [0°766" T0°59T" zo°J61” 6T EY” To°JET” ¢0°TTe” 90°;6€" 1933nq §,juey
%0° 762" 90°.%%" 60°76%" T0°;81" T0°71C” 60°76¢" mo.umﬂ. £0°2%e” £0° 76" dTRd zcloH
T0°;TY” L0°68° TTI°72°T 907 7LT° £0°26¢” 0T";86" *mo.umw. *mo.ﬂnm. *NH.HN.N BG) Tw/3rg
@z~ Yasa Y@ - Yexr . Yapa . Yama . " Yaxz . “Yava . T Cmoa
*ay Z/sT19° ooa\wﬂ
Po3TOTTd 231BTT0d4T30TY] Pe3ITOTTA TTO Jusp¥say v
g

sadeydoaoey jo suojjerndog juaiaI3¥d £q mea pue

45d “"3Hd 3o uorldmpoid

DECEMBER 1982 VOL. 24 NO. 6

796



PROSTAGLANDINS

to induce a significant production of 0., as determined by the
superoxide-dismutase inhibitable reduction of ferricytochrome C. Only
thioglycollate recruited peritoneal macrophages, stimulated with high
concentrations of either FMLP or C5a, deggnstrated an elevation in O;
levels. As shown in Figures 1 and 2, 10 M FMLP or greater than 1 pg/ml
C5a was needed to observe an increase in 0, levels above controls.
Johnston et al. (13) previously reported a similar observation with PMA
stimulated resident and elicited peritoneal macrophages. In the latter
study, thioglycollate elicited peritoneal macrophages responded to PMA
challenge (2-4 ug/ml) with a large increase in 0, production, while
resident macrophages were much less responsive.

Although C5a and FMLP-induced 0, generation from various populations
of peritoneal macrophages was similar, the ability of the two chemotactic
factors to stimulate arachidonic acid metabolism was significantly
different. There was no significant increase in the synthesis and release
of PGE,, PGF2 , or TXB, from either resident or elicited peritoneal
macropﬁages iwhen stimuiated over a wide range of FMLP concentrations. On
the other hand, stimulation with C5a of resident and elicited macrophages
resulted in an increase in the production of arachidonate metabolites.
Resident peritoneal macrophages stimulated with C5a were shown to possess
an increased capacity to generate PGE,, PGF, , and TXB,, as compared to
thioglycollate and oil recruited macrophages? A 6-fold increase in PGE
levels was observed in C5a stimulated resident macrophages, while a 2-3
fold increase in PGE, was observed in the C5a treated elicited macrophage
populations. In previous studies, Humes et al. (27) demonstrated that
resident mouse macrophages challenged with opsonized zymosan release
significantly more PGE, as compared to elicited macrophage populations. A
pausible explanation for the decrease in the PGE, levels from stimulated,
elicited macrophages may be due to a decrease in"thelr cyclooxygenase
activity (30) or to a decrease in the rate of arachidonic acid release
from membrane phospholipids (31). An additional explanation for the
differences observed in chemotactic factor-induced mediator release from
the various macrophage population may be associated with the chemotactic
receptors found on these cells. Although specific membrane receptors for
the chemotactic peptides have been identified on macrophage membranes
(23,32), the density of these receptors on the various macrophage pop-
ulations may vary dramatically. Thus, dictating the responsiveness of the
various macrophages to each chemotactic stimulus.

It had become increasingly clear that macrophages derived from various
tissues in several species can synthesize and release a number of phlogis-
tic products in response to various stimuli. We have demonstrated that
different populations of mouse peritoneal macrophage vary in their ability
to generate superoxide anion and arachidonic acid metabolites in response
to two potent chemotactic peptides, C5a and FMLP. While resident perito-
neal macrophages did secrete significant levels of PGE, , PGF2 , and TXB, in
response to C5a, elicited cells are much less responsive. Bo%h residen%
and elicited peritoneal macrophages are unresponsive to FMLP-induced
stimulation of arachidonic acid metabolism. Interestingly, neither C5a nor
FMLP was an effective stimulator for the synthesis of 0. from either
resident or elicited peritoneal macrophages. Further kinowledge concerning
the capability of various macrophage populations to synthesize and release

various mediators will undoubtedly aid in understanding the interaction
between cellular and humoral systems involved in inflammatory processes.
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