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= Abstract =Macrophages having Fc and complement receptors can produce several factors

which could activate the lymphocytes.

[t was assumed that the activated macrophages might secrete certain factors which could
activate the resident macrophages. Resident macrophages from rat peritoneal cavity were
incubated with two kinds of supernatant obtained from the culture of thioglycollate-elicited
macrophages with 1gG-coated erythrocytes or complement-coated erythrocytes.

Supernatant from the culture of elicited macrophages and complement-coated erythrocytes
enhanced the attachment with either IgG-or complement-coated erythrocytes, but supernatant
induced by IgG-coated erythrocytes augmented the degree of attachment with IgG-coated

erythrocytes only.

Any enhancing effect of both supernatants was not observed on the ingestion of IgG-or

complement-coated erythrocytes.
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INTRODUCTION

Macrophages elaborate a number of secretory
products that may modulate the immunologic and
inflammatory responses. The mononuclear phago-
cyte is essential for the development of cellular and
humoral immunocompetence (Rosenthal 1980).

Macrophages produce a lymphocyte-activating
factor, also known as interleukin 1, which stimulates
T lymphocytes to produce a variety of lymphokines
including a T-cell growth factor (Ruscetti and Gallo
1981). Macrophages secrete active proteases at
neutral pH, including plasminogen activator, col-
lagenase, and elastase. At inflammatory sites, mac-
rophages will secrete acid hydrolase, capable of
degrading collagen (Nathan et al. 1980).

On the other hand, a variety of soluble factors
that influence macrophage’s behavior have been
described previously (North 1981). These prcducts
are elaborated by T lymphocytes and alter mac-
rophage function as diverse as motility, cytotoxicity
(Piessens et al. 1975), phagocytic activity (Rocklin
et al. 1974), microbicidal capability (Nogueira and

Cohn 1978), and the interactions of macrophages
with other lymphocyte populations (Unanue 1976).

It was postulated that the activated macrophages
might secrete certain factors which could also acti-
vate the unstimulated resident macrophages and
enhance their opsonin-mediated attachment and
phagocytosis (Fig. 1).

In order to clarify this assumption, resident mac-
rophages in normal rat peritoneal cavity were incu-
bated with two kinds of supernatant obtained from
the culture of thioglycollate-elicited macrophages
activated by binding to 1gG-coated erythrocytes or
complement-coated erythrocytes.

The degree of attachment (the percentage of
rosette formation with attachment index) and the
phagocytic activity (the percentage of ingestion with
ingestion index) of the macrophages incubated
with 1gG-or complement-coated erythrocytes were
measured.

MATERIALS AND METHODS

Macrophages: Rats (Wistar strain), weighing
180-200 g, were anesthetized with chloroform.
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Fig. 1. Schematic representation of an assumption, which
thioglycollate-elicited macrophages may secrete
certain factors after their Fc or complement re-
ceptors bind to 1gG- or complement-coated
erythrocytes.
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Peritoneal macrophages were harvested by peri-
toneal lavage with 60 m! of 4°C normal saline con-
taining 50 U/ml of heparin (LipoHepin, Riker Lab.).
The cells were washed twice in the medium and
adjusted to a concentration of 5-10x10%ml in
RPMI-1640 (GIBCO) supplemented with 10%
heat-inactivated fetal bovine serum (GIBCO) and
containing a concentration of 50 xg/ml of genta-
micin (GIBCO). 5 ml of the suspension was poured
into 50 ml tissue culture flask (Falcon), and incu-
bated for 6-8 hours in a 37°C, 5% CO, incubator.
After washing the monolayer free of nonadherent
cells, 4°C medium was added to the flask and
allowed to stand at 4°C for 30 min. Macrophages
were released from the flask by strong agitation
with a pasteur pipette. Macrophage viability was
tested for each set of experiments by 0.4% trypan
blue exclusion method and macrophages were
91-94% viable.

Thioglycollate-elicited macrophages were har-
vested 3 days after intraperitoneal injection of 10
ml of fluid thioglycollate medium (Difco) and culti-
vated under conditions identical to those described
for nonelicited macrophages (Conrad 1981).

IgG-coated eythrocytes: 1 m! of Rho(D)-posi-
tive, group O human erythrocyte (E) suspension (5
% 107/ml) was incubated with 1 ml of 1:250 diluted
anti-Rho(D) antiserum [Rho(D) immunoglobuline,
Cutter Lab.] for 1 hour at 37°C. The suspension
was centrifuged for 5 min at 750 g, and pelleted
human erythrocytes were suspended in the
medium at a concentration of 4x 107/ml (Hunt et
al. 1981). This preparation is designated E(IgG).

IgM-coated erythrocytes: 1 mi of Rho(D)-

positive, group A human erythrocytes(E) suspen-
sion (5-10%107/ml), which had a regular agglu-
tination titer of 1:32-1:64 against anti-A antiserum,
was incubated with 1 m! of 1:64 diluted group B
human pooled sera for 1 hour at room temperature
(Greendyke et al. 1963). The suspension was
washed and this preparation is designated E(IgM).

Complement-coated E(IgM): 0.1 mi of freshly
thawed group AB human serum was mixed with
9.9 ml of a suspension of E(igM) at a concentration
of 5x107/ml. The mixture was incubated for 1
hour at 37°C and centrifuged for 5 min at 750 g.
The pelleted E was adjusted to a concentration of 4
x 107 /ml (Reynolds et al. 1975). This preparation
is designated E(lgM)C’.

Supernatants from the culture of activated
macrophages: 5 ml of thioglycollate-elicited mac-
rophages (5-10% 10%/ml) was mixed with an equa!

volume of a suspension of E(IgG), or E(IgM)C” at a
concentration of 5x 10’/ml. The mixture was incu-
bated for 4 or 24 hours at 37°C and centrifuged at
000 g for 30 min (Gery et al. 1981). The super-
natants are designated S-G and S-C, respectively.

1 ml of resident peritoneal macrophages (1-3 X
107/ml) was mixed with 4 mL of each supernatant
and incubated for 24 hours at 37°C (Michl et al.
1979).

Rosetting and phagocytic assay: After 50 I
of E(IgG), E(lgM) or E(IgM)C” at 4x 107/m! put into
each wells of tissue culture microplate (Nunclon),
the indicator particles were then mixed with 50 4|
of macrophages at 4% 10%ml. The cells and in-
dicator particles were centrifuged for 5 min at 50 g,
incubated for additional 8 hours in a 5% CO,,
humidified incubator at 37°C and then gently re-
suspended and examined under light microscopy
(Pommier et al. 1983).

The data from experiments examining the in-
teraction of macrophages with the various erythro-
cyte preparations are presented as follows: percent
of ingestion or attachment is the percentage of
macrophages with  erythrocytes ingested or
attached. Ingestion or attachment index is (the per-
centage of macrophages which ingested or
attached  erythrocytes) x (average  number  of
erythrocytes ingested or attached per mac-
rophages) (Michl et al. 1979).

RESULTS

1. Attachment and ingestion of sensitized
erythrocytes by resident macrophages
The attachment and ingestion indices obtained



when various preparations of human erythrocytes
were incubated with resident rat peritoneal mac-
rophages for 8 hours are shown in Fig. 2.

Neither group O nor group A erythrocytes were
bound or ingested by these macrophages. E(IgM)
and E(IgM)C’were attached but were not ingested.
E(lgG) were ingested in significant numbers by re-
sident macrophages. The unstimulated resident
macrophages cultured without any activating fac-
tors showed higher degree of attachment with com-
plement-coated erythrocytes, compared with that
of 1gG-coated erythrocytes.

2. Ingestion of E(IgG) and E(IgM)C’ by eli-
cited macrophages

Elicited macrophages were more efficient in pha-
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Fig. 2. Attachment and ingestion of sensitized human
erythrocytes by resident macrophages.

a. E(IgG) b, E(IgM)C'
100 ) 113418 F—
x
[}
T
[=)
. 51+6
£ 43%s
o 50 4
3 ]
0
o
o
o
s
742
[1
Resident Activated Resident Activated

Fig. 3. Ingestion by activated and by resident mag-
rophages of 1gG-coated and complement-coated
erythrocytes.

gocytizing 1gG-and complement-coated erythro-
cytes than nonactivated cells. As shown in Fig. 3,
elicited macrophages ingested both E(lgG) and
E(IgM)C” more avidly than did resident cells.

Although only negligible ingestion occurred for
complement-coated erythrocytes in case of the re-
sident macrophages, thioglycollate elicited mac-
rophages ingested E(IgM)C” as much as resident
macrophages ingested E(lgG).

3. Effect of supernatants upon IgG-mediated
attachment and ingestion

Incubation of resident macrophages with each
supernatant (5S-G, S-C) for 24 hours at 37°C
generally increased binding of E(IgG) to the mac-
rophage Fc receptors, as shown in Table 1.

In particular, supernatant of macrophage cultured
with E(IgM)C” for 24 hours remarkably increased
the average number of E(lgG) bound to resident
macrophages.

But most of supernatants did not have an effect
upon the ingestion of E(IgG) by resident mac-
rophages.

4. Effect to supernatants upon complement-
mediated attachment and ingestion

Incubation of resident macrophages with the su-
pernatant (S-C) of macrophage cultured with
E(lgM)C” for 4 hours at 37°C increased binding of
E(IlgM)C’ to the resident macrophages, as shown in
Table 2.

Supernatants (S-G) of thioglycollate-elicited
macrophages cultured with E(IgM)C” did not have
any considerable effect upon the attachment of
E(lgM)C” by resident macrophages.

Most of supernatants did not exert remarkable
influence on the ingestion of E(IgM)C” by resident
macrophages.

Table 1. Attachment and ingestion of E(IgG) by resident
macrophages incubated with supernatant

Super- % Attachment % Ingestion

natant Attachment Index Ingestion Index
None 29+5 124+21 2844 43+6
S-G4)* 52+11 340452 2345 28+5
S-G(24) 50+9 340+44 3245 6l1+7
S-C)**  62+9 384142 2443 2515
S-C(24) 68+11 510+38 29+4 38+6

* S-G(4) or (24); supernatant of culture of macrophages
activated by E(lgG) for 4 or 24 hours, **S-C(4) or (24),
supernatant of macrophage cultured with E(1gM)C” for 4 or
24 hours.



Table 2. Attachment and ingestion of E(IgM)C” by resi-
dent macrophages incubated with supernatant

Super- % Attachment % Ingestion

natant Attachment Index Ingestion Index
None 252+9 2314137 3+1 5+1
S-G(4)* 56+11 235+39 5+2 712
S+G(24) 57+11 343138 bt1 13+2
S-C(4) 73+13 467459 ot2 943
S-C(24) 85+15 HE9+58 9+2 16+4
* Abbreviation; See Table 1.

DISCUSSION

The degree of attachment of sensitized human
erythrocytes by resident macrophages depends
upon the kind of sensitizing material on erythro-
cytes and the presence of receptors on the plasma
membrane of macrophages (Lasser 1983). Neither
group O nor group A unsensitized erythrocytes
were bound by resident macrophages, but E(IgM),
E(lgG), and E(IgM)C” were attached by mac-
rophages in increasing order of attachment index.

Studies of Lay and Nussenzweig (1969) have de-
monstrated that murine macrophages have IgM re-
ceptors on their plasma membranes. Our studies
showed some evidence of the presence of IgM re-
ceptors on macrophages, but this hypothesis is not
generally accepted at the present time.

Thioglycollate-elicited macrophages are 1.5-3
times as efficient as nonactivated resident mac-
rophages in ingesting E(1gG), and are 3-7 times as
effective as those in ingesting E(IgM)C” (Fig. 3).

Since we have not measured the time required
for the ingestion of individual erythrocytes by eli-
cited or resident macrophages, we cannot ascer-
tain whether elicited cells merely have an increased
total phagocytic activity or they exhibit an increased
rate of ingestion as well.

Supernatants obtained from the culture of thiog-
lycollate-elicited macrophages with E(IgG), or
E(lgM)C” were examined for the presence of any
products from macrophages induced by the in-
teractions between Fc receptor and E(IgG) or com-
plement receptor and E(IgM)C’, respectively. A
comparative study was performed between super-
natants of 4-hour and 24-hour cultures(Gery et al.
1981). In general, it showed no significant differ-
ence between the supernatants.

Both supernatants of macrophage culture with
E(lgG), or E(IgM)C” could stimulate the mac-

rophage Fc receptors and increase the number of
variously sensitized erythrocytes bound to mac-
rophages. Because we have not determined the
number of Fc receptors per macrophage, we can-
not recognize whether this increase of attachment
ability results from the change of number or activity
of macrophage receptors.

But most of supernatants could not influence the
ingestion ability of E(IgG) by resident macrophages.
So we can infer that the enhancement of ingestion
ability of sensitized erythrocytes, induced by the
stimulation of various supernatants Is not always
followed by rising of attached number. It has re-
cently been proposed that phagocytosis results
from a sequential interaction of ligands and recep-
tors, but does not depend on the degree of attach-
ment (Ehlenberger and Nussenzweig 1977).

In case of supernatants of macrophage cultured
with E(IgM)C” for 24 hours, binding of E(IgM)C’ to
the resident macrophages was singificantly inc-
reased in number, but the attachment number of
E(lgG) was not changed in comparison with the
results of unincubated resident macrophages.

Supernatants of thioglycollate -elicited mar-
cophages cultured with E(IgG), E(IlgM)C” did not
exert any remarkable influence on the ingestion of
E(IgM)C” by resident macrophages, similar to the
ingestion of E(IgG).

The data presented here demonstrate that pro-
ducts secreted by thioglycollate-elicited mac-
rophages to be stimulated with E(1gG), E(lgM)C’
can affect the Fc receptor of resident macrophages
and increase the attachment number of 1gG-coated
erythrocytes.

Our experiment also demonstrated that only the
product of macrophage stimulated with E(lgM)C’
affects the complement receptor of resident mac-
rophages, but othgr products secreted by mac-
rophage to be stimulated with E(lgG) cannot influ-
ence the complement receptor of residents mac-
rophages.
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