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bating NAF with SA-L1210 were used as controls (Group 6)
and caused no inhibition (Fig. 1B).

Mice treated with complexes had maximal inhibition of
macrophages between 8 and 10 days; by Day 30, the
peritoneal cells had recovered from the inhibition and could
form rosettes normally. Similar results were observed with
mice that received antibody and L1210 sequentially. Mice
receiving L1210 cells alone showed activation of macro-
phages (>80% rosettes), but the activated macrophages
disappeared by Day 30, at which time the remaining mac-
rophages present formed rosettes similarly to normal cells.
This indicates that the inhibition of cytophilic antibody

Table 3

Inhibition of cytophilic antibody receptors of macrophages by
soluble immune complexes

Rosettes on Day 10

Group Treatment® % Score

1 Ab®-SA-L1210 (0.4 ml) 358 +13° 2+
2 Ab-SA-L1210 (0.8 ml) 402+ 2.1 2+
3 Ab-SA-L1210 (1.6 ml) 9.0+0.9 0

4 1gG-SA-L1210 (3.2 ml) 8.5+0.6 0

5 IgM-SA-L1210 (3.2 ml) 428 + 3.7 2+
6 NAF-SA-L1210 (1.6 ml) 43.1+35 2+
7 5 x 10° L1210 cells 92.8 + 3.8 4+

% Immune complexes were prepared with SA-L1210 and whole
anti-L1210 or antibody classes as detailed in ‘‘Materials and Meth-
ods.” Group 1 mice received a single dose of 0.4 mi (0.1 ml of
antibody and 10 mg of SA-L1210 in 0.3 ml) of soluble immune
complexes on Day 0. Group 2 and 3 mice received a single dose of
0.8 ml and 1.6 ml of immune complexes, respectively, on Day 0.
Mice of Groups 4 and 5 received 0.8 ml IgG-SA-L1210 or IgM-SA-
L1210 immune complexes, respectively (0.1 ml IgG or IgM and 50
mg SA-L1210 in 0.7 ml), on days —3 to 0. Group 6 mice received a
single dose of 1.6 ml NAF-SA L1210, and Group 7 mice received 5
x 10® L1210 cells. Assays for rosette formation were performed 10
days after the last injection of immune complexes. Fractions of
antibody classes prepared from the whole antibody were reconsti-
tuted to the original volume of the unfractionated antibody before
injection.

b Ab, antibody to L1210; NAF, normal ascites fluid.

¢ Mean = S.E.

receptors on macrophages by immune complexes was
relatively long-lived, although not permanent.

Specificity of Inhibition of Cytophilic Antibody Recep-
tors. The specificity of inhibition elicited by immune com-
plexes was tested by injecting complexes composed of
either antibody to L1210 and SA-L1210 or antibody to
leukemia EL4 and SA-EL4 i.p. into C3H mice. Ten days
later, we determined the ability of peritoneal macrophages
to attach the corresponding and noncorresponding leuke-
mia cells via the homologous cytophilic antibody. As shown
in Table 4, macrophages from mice given anti-L1210-SA-
L1210 complexes could not fix cytophilic antibody to L1210
(Group 1) but could attach antibody to EL4 as well as did
normal macrophages (33% rosettes) (Groups 2 and 5). In
the reciprocal experiment, mice given EL4-containing im-
mune complexes could not attach EL4 cells in the presence
of cytophilic antibody to EL4 but could nonetheless attach
cytophilic antibody to L1210 (Groups 3 and 4). These
experiments affirmed the specificity of inhibition produced
by antibody and specific antigen, which appears to be
limited to receptors for the antibody contained in the
immune complexes used as pretreatment.

Effect of Inmune Complexes of F(ab'),-SA-L1210 or Fc
Fragments on Inhibition of Cytophilic Antibody Receptors.
F(ab’), fragments from IgG antibody were prepared by
pepsin digestion followed by Sephadex G-150 gel filtration.
F(ab’), immune complexes with SA-L1210 were prepared in
vitro. As shown in Table 5, mice given F(ab’), immune
complexes at concentrations 4- to 6-fold higher than the
effective concentration of whole IgG (Groups 2 and 3) or
given F(ab’), and subsequent SA-L1210 (Groups 5 and 6),
did not show inhibition of their macrophages, which formed
rosettes normally after the addition of specific antibody and
L1210. In contrast, mice that received IgG containing com-
plexes (Group 1) or IgG and SA-L1210 sequentially (Group
4) had macrophages with inhibited cytophilic antibody
receptors. Mice that received F(ab’), and 5 x 10® tumor
cells (Group 7) had activated macrophages and >80%
rosette formation, rather than suppression.

Table 4

Specificity of inhibition of cytophilic antibody receptors of macrophages by soluble
immune complexes

Rosettes on Day 10
Group Treatment? Macrophages tested with?® % Score

1 Ab-SA-L1210 Anti-L1210 + L1210 108+08° 0
2 Ab-SA-L1210 Anti-EL4 + EL4 326+24 2+
3 Ab-SA-EL4 Anti-EL4 + EL4 11.2+08 0
4 Ab-SA-EL4 Anti-L1210 + L1210 316+28 2+
5 NAF-SA-EL4 Anti-EL4 + EL4 33.1+25 2+
6 5 x 10° EL4 cells Anti-EL4 + EL4 753+ 39 3+

2 Immune complexes were prepared in vitro with antibody to L1210 and SA-L1210 or
with antibody to EL4 and SA-EL4. Groups 1 and 2 mice received a single dose of L1210
immune complexes, 1.6 ml (0.4 ml antibody and 1.2 ml SA-L1210). Groups 3 and 4
received the same dose of immune complexes of EL4. Group 5 mice were given a 1.6-mi
dose of NAF-SA EL4 and Group 6 mice were sensitized with EL4 cells. Ab, antibody to
L1210 (in Groups 1 and 2) or to EL4 (Groups 3 and 4).

Peritoneal macrophages from Group 1 and 4 mice were collected 10 days after the
treatment and were tested for rosettes in the presence of cytophilic antibody to L1210
and L1210 cells. Macrophages collected from Groups 2, 3, 5, and 6 were tested 10 days
after treatment for rosette formation with EL4 cells via cytophilic antibody to EL4.

¢ Mean + S.E.
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Table 5

Effect of F(ab'), immune complexes of IgG antibody on cytophilic
antibody receptors of macrophages in vivo
Note: There was no difference in the effects on macrophages
caused by several injections of F(ab’), fragments from that of a
single injection.

A. Treatment with immune complexes

Immune
complexes?® Rosettes on Day 10
Antibody  Dose
Group class (ml) % Score
1 19G 0.3 8.7+09° 0
2 F(ab’), 1.2 40.0 =39 2+
3 F(ab’), 1.8 39.7+ 42 2+

B. Treatment with antibody and SA-L1210 sequentially

Antibody® Rosettes on Day 10
Dose SA-L1210¢
Group Class (ml) dose (mg) % Score
4 19G 0.1 12 9.10+1.0% 0
5 F(ab’), 0.4 48 385 =57 2+
6 F(ab’), 0.6 72 372 +41 2+
7 F(ab’), 0.6 5 x 10 cells® 852 +20 4+
8 Nil Nil 5 x 108 cells 905 +22 4+

2 Immune complexes prepared with IgG of F(ab’), and SA-L1210
were injected i.p. into different groups of mice as indicated. Each
group received 4 injections of immune complexes (Days —3 to 0);
0.3 ml of immune complex injected to Group 1 mice contained 0.1
ml of IgG and 0.2 ml of SA-L1210 (32 mg). The other doses of
immune complexes given to Groups 2 and 3 mice contained
proportionally more F(ab’), and SA-L1210.

® Mean =+ S.E.

€ 1gG or F(ab’), antibody of different concentrations were given
to other groups (Groups 4 to 7) in 4 i.p. injections starting on Day
-4,

4 On Day 0, different concentrations of SA-L1210 were injected
i.p. as shown in the table; 1 ml of SA-L1210 contained 160 mg of
protein.

€ Five x 10® L1210 cells in 0.2 ml were given i.p. to C3H mice.

Table 6
Effect of Fc fragments on cytophilic antibody receptors of
macrophages in vivo

Antibody? Rosettes on Day 10
Dose L1210° dose
Group Class (ml) (x10°) % Score

1 IgG 0.1 Nil 41.3 + 46 2+
2 IgG 0.1 5 92+11 0
3 Fc 0.4 5 90.2+23 4+
4 Fc 0.6 5 84946 4+
5 Fc 0.6 Nil 38642 2+
6 Nil Nil 5 90.5+20 4+

¢ Groups 1 and 2 mice received 4 injections of IgG i.p. starting
on Day —4 to —1. Groups 3, 4, and 5 received 4 daily injections of
Fc fragments of various concentrations as indicated starting on
Day —4. The Fc fragments used were reconstituted to the original
volume of IgG antibody.

b On Day 0, Groups 2, 3, 4, and 6 were given a single injection of
5 x 10° L1210 cells i.p.

€ Mean + S.E.

Table 6 demonstrates the effect of Fc fragments in vivo
on inhibition of cytophilic antibody receptors on macro-
phages. Fc fragments were prepared from IgG of anti-L1210
by papain digestion, followed by carboxymethy! celiulose
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chromatography. These fragments were injected into var-
ious groups of animals with or without antigen, and the
peritoneal macrophages were tested for rosette-forming
capacity on Day 10. Even Groups 3 and 4, which received 4-
to 6-fold more Fc fragments than IgG, did not show any
inhibition of receptors for cytophilic antibody on peritoneal
macrophages. The 4- to 6-fold excess of Fc fragments was
used in order to compensate for the known high excretion
of these fragments in vivo. Aggregated Fc fragments when
injected i.p. into mice did not cause inhibition of cytophilic
antibody receptors of macrophages in vivo, and the macro-
phages formed 30 to 50% rosettes with L1210 cells, the
same as controls (results not presented).

DISCUSSION

In this paper, evidence is presented that soluble immune
complexes are capable of inducing suppression of macro-
phage receptors for cytophilic antibody and that the Fc
portion of immunoglobulin in the complex plays an essen-
tial role. Mice treated with both whole antibody (anti-L1210)
and antigen (SA-L1210), but not either alone, elicited mac-
rophages that were incapable of fixing cytophilic antibody
to L1210 and L1210 cells, failing to form rosettes. The
inhibition of receptors for cytophilic antibody to L1210 was
immunologically specific, inasmuch as the same macro-
phages were able to form rosettes normally with the anti-
genically unrelated leukemia EL4. Complementary results
were obtained in reciprocal experiments where EL4-con-
taining immune complexes inhibited only receptors for EL4
antibodies and not cytophilic anti-L1210.

Recently, the presence of different and distinct receptors
on the macrophage for the Fc portion of immunoglobulin
has been emphasized by several investigators (4, 45, 46).
Receptors for the Fc portion of immunoglobulin on the
macrophages are different in their sensitivity to trypsin (15,
17, 40). Kossard and Nelson (15) reported that the receptors
for cytophilic antibodies from early antisera to sheep eryth-
rocytes were trypsin sensitive, whereas the receptors for
cytophilic antibodies from late antisera were trypsin resist-
ant. Walker (48) has demonstrated 2 types of receptors for
Fc on mouse peritoneal macrophages which bound sepa-
rately to IgG,, and IgG,, myeloma proteins. In the guinea
pig, receptors for Fc on macrophages have been shown to
bind guinea pig IgG, but not IgG;. Inchley et al. (14) found a
disparity in the ability of subclasses of human myeloma
proteins to bind to macrophages. Notably, even within a
subclass (specifically, IgG) there was considerable variation
in the degree of binding of immunoglobulins from different
sources. Thus, while no one has shown that receptors for
the Fc portion can distinguish among antibodies of the
same class differing only in their allotype or perhaps their
idiotype, as our evidence suggests, published data clearly
show differences among receptors for the allegedly invari-
able Fc region of immunoglobulin.

Soluble antigen alone led neither to suppression nor
activation of the macrophages and did not prevent subse-
quent activation of macrophages by L1210 cells. Results in
other systems have shown a suppressive effect of soluble
antigen on T-cell-mediated cytolysis (26, 30), as well as in
vivo enhancement of tumor growth (30, 31, 47). When given
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in vivo with specific antibody, soluble antigen caused a
relatively long-lived inhibition of receptors for cytophilic
antibody that differed considerably from disarming by tryp-
sin (13) since proven cytophilic antibody did not rearm the
monocytic cells. The dose and timing of soluble antigen
were critical determinants of the response. Low doses of
antigen (<32 mg) with antibody were ineffective in causing
inhibition, as were optimal amounts of antigen if given
before antibody. This suggested that the presence of appro-
priate amounts of antigen and antibody was required to
form sufficient immune complexes in vivo to suppress the
macrophages. Experiments with preformed immune com-
plexes containing different concentrations of antigen af-
firmed this point.

The importance of macrophage-mediated cytotoxicity,
through extracellular and phagocytic mechanisms, in the
rejection of murine ascites leukemias has been elucidated
within the past decade, although there is considerable
variation among tumors in their susceptibility to destruction
by macrophages (1, 2, 27). Cytophilic antibody may play a
crucial role in macrophage-mediated rejection by arming
the macrophages of the host to recognize and ultimately
destroy the target tumor cells (11). Specific arming factors
producing the same effect are also made by T-cells (28).
Bennett et al. (3) first showed that hyperimmune antibodies
to several ascites tumors could cause phagocytosis by
normal macrophages in vitro, indicating an active attack on
the tumor cells rather than simply removal of cellular
debris. In addition, antibody-dependent cellular cytotoxicity
is a closely related phenomenon, in which neutral leuko-
cytes are rendered capable of destroying tumor target cells
by specific antibody. Macrophages and probably closely
related nonadherent (K) cells have been implicated in this
process.

Sinclair et al. (37) have emphasized the importance of the
Fc portion of antibody in the feedback suppression of
antibody synthesis. Although F(ab’), fragments had some
suppressive activity, they were often 1000-fold less potent
than was intact immunoglobulin (38, 39). The rapid excre-
tion of F(ab’), fragments did not fully account for the
discrepancy, since several injections of the fragments to
compensate for excretion failed to overcome the difference
in suppression (38). In fact, augmented rather than dimin-
ished immunity has sometimes been observed with F(ab’),-
like fragments (16). Our inability to produce suppression of
macrophages with F(ab’), immune complexes given at com-
pensatorily high doses (33) supports the concept that the
Fc portion is a necessary component to produce suppres-
sion. The Fc portion alone is not sufficient; it must be part
of an intact immunoglobulin molecule to constitute the
signal that initiates suppression of macrophages in vivo.

Our earlier studies have shown that, regardless of any
direct effects of antigen and antibody on macrophages, a
critical intermediary in vivo in the suppression of cytophilic
antibody receptors is the suppressor T-cell (10, 23, 25).
Only mice with an intact thymus could be suppressed (10),
suppressor T-cells could be recruited from naive thymo-
cytes in suppressed hosts (25) and, most recently, suppres-
sion has been adoptively transferred by T-lymphocytes to
normal mice (33). From those data and the information
presented herein, we postulate that the interaction of im-
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mune complexes with naive T-cells bearing Fc receptors
(41, 42) leads to suppressor T-cells, which then cause
specific inhibition of cytophilic antibody receptors on the
macrophage. A direct blockade by injected complexes is an
unlikely mechanism of macrophage inhibition in vivo, since
rapid elution would probably occur, and could not account
for the relative longevity of inhibition. Furthermore, it
should be possible to produce suppression independent of
the T-cell if direct blockade were important. Nevertheless,
theoretical objections notwithstanding, we are currently
examining by radioiodination and immunofluorescence
whether immune complexes are present on the inhibited
macrophages 10 days after injection. Whether the receptor
for cytophilic antibody is temporarily removed or is simply
inactivated is also under investigation.
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Fig. 1. Rosette formation by suppressed peritoneal macrophages and by normal peritoneal macrophages in the presence of cytophilic antibody and L1210
cells. A, peritoneal macrophages from a soluble immune complex-treated (immunosuppressed) C3H mouse. The suppressed macrophages are seen together
with L1210 cells containing a few peripheral or polar granules, but no rosettes are seen. Phase-contrast, dark field, x 400. B, 2 rosettes of normal C3H
peritoneal macrophages (from NAF-L1210-treated mice) around a central L1210 leukemia cell. Phase-contrast, dark field, x 400.
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