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Reversible and Irreversible Loss of Fc Receptor

Function of Human Monocytes as a

Consequence of Interaction with Immunoglobulin G

R. J. KURLANDER,Myrtle Bell Lane Laboratory, Department of Medicine, Duke
University Medical Center, Durham, North Carolina 27710

A B S T R AC T The effects of IgG in different con-
figurations on the Fc receptor function of human mono-
cytes were studied. Receptor function was assessed by
(juantitating immune adherence and/or ingestion of
human erythrocytes coated with IgG anti-D antibody.
Monomeric IgGl in solution inhibited the Fc receptor
function of monocytes, but this function was restored
completely after washing. In contrast, monomeric IgG
that was adsorbed nonspecifically to a plastic surfaice
inhibited the Fc receptor function of monocytes even
after washing away unbound IgGl. This loss of function
could be blocked by sodium azide and was reversed
when the IgG adsorbed to plastic was degraded by
trypsin, suggesting that loss of function was the revers-
ible consequence of localized binding of most of the
monocyte's receptors at the point of contact with
immobilized IgGI.

Fluid-phase aggregates of IgGI also reduced the Fe
receptor function of monocytes as a consequence of
direct binding to the monocyte surface. High concen-
trations of purified aggregates rapidly reduced Fc
receptor function but function was reversed by trypsin
even after incubation for 18 h. Lower concentrations of
aggregates reduced Fc receptor function more slowly,
but after 18 h of incubation, lost function was not re-
stored by trypsini treatment. Because the transition from
reversible to irreversible loss was blocked by sodium
azide, an energy-dependent process of ingestion, shed-
ding or denaturation of receptors is responsible for this
irreversible loss of Fc receptor function. Rabbit IgG
anti-human IgG bound to IgG adsorbed to the surface
of monocytes also mediated a loss of Fc receptor func-
tion as a result of the binding of Fc receptors to the Fc
portion of the rabbit IgG molecule, a process analogous
to the binding of aggregated IgG. After irreversible
depletion of Fe receptor fuinction by anti-IgG, partial
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recovery of fuinction was detectable within 12-24 h of
incubation in vitro, and this recovery was blocked
by cycloheximide, suggesting that new receptor syn-
thesis was re(quired for restoration of ftunction.

INTRODUCTION

The destruction of erythrocytes coated with IgG anti-
body by reticuloendothelial cells in vitro (1, 2) and in
vivo (3, 4) is mediated by receptors for the Fe portion of
IgG. Variations in the quantity (2, 5), configuration (5),
and subclass (6, 7) of the antibody coating of the erythro-
cytes have been shown to influence profoundly the rate
of leukocyte-mediated erythrocyte destruietion. In
addition, recent studies suggest that variations in
reticuloendothelial function also influence Fc receptor-
mediated immune clearance. Patients with systemic
lupus erythematosus (8), nephritis (9), vasculitis (9),
or Sj6gren's syndrome (10) sequester and destroy
erythrocytes coated with IgG antibody in their spleen
more slowly than normal volunteers. This reduction
in Fc receptor function may be a primary disorder con-
tributing to tissuie damage in these (liseases (8, 10) or
may be duie to interference with Fc receptor function by
immune complexes containinig IgG (9, 11). In the fol-
lowing studies in vitro, we demonstrate that complexes
containing IgG can reversibly reduce Fc receptor
function of human monocytes, and that this process
proceeds by an energy-dependent step(s) to the irre-
versible loss of receptor function. This process of recep-
tor degradation may be of importance in the patho-
physiology of a variety of disease states.

METHODS
Dulbecco's phosphate-buffered satline (PBS)' (pH 7.4), New-
man-Tytell sertumless medlitum (N-T), RPMI 1640, fetal calf

' Abbreviationts used in this pajper: EA, htuman erythrocytes
coated with IgG anti-D antibody; EApapain, papain-treated EA;
FCS, fetal calf sertum; N-T, Newmani-Tytell serumless
medliumiii; PBS, Dulbecco's pIhosphate-bufferedl salinie; P+S,
penicillini and streptomycin soltutioni.
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serum (FCS), and penicillin and streptomycin solution (P
+ S) (10,000 U/ml and 10,000 Zg/ml, respectively) were ob-
tained from Gibco Laboratories, Grand Island Biological Co.,
Grand Island, N. Y. Latex beads (0.8 mM), cycloheximide,
pepsin (1:10,000), papain (two times crystallized in 0.05 M
sodium acetate), glutaraldehyde (25%), and pancreatic
trypsin type II were obtained from Sigma Chemical Co.,
St. Louis, Mo. Sodium heparin was obtained from Upjohn Co.
(Kalamazoo, Mich.).

Monoclonal human IgG was obtained from the serum of a
single patient with multiple myeloma. The IgGl was precipi-
tated in a 50% saturated ammonium sulfate solution, dialyzed
free of ammonium sulfate, and purified by ion exchange
chromatography using DEAEcellulose and a 0.005 Mphos-
phate buffer at pH 8.0. The IgG was collected, concen-
trated by vacuum dialysis, and stored at 4°C with
0.01% sodium azide. Azide was removed by dialysis against
PBS before use. The concentration of IgGI in these fractions
was calculated based on the absorbance of light at 280 ,Lm,
assuming an extinction coefficient (El% cm) of 13.3 for IgG.
Plastic microtiter wells coated with IgGl were prepared by
incubation with a 10-mg/ml solution of monomeric IgGl for 18
h at 4°C. Coated surfaces were then washed with PBS 10 times
to remove unbound IgGl.

Preparation of IgGI aggregates. Heat-treated IgGl was
prepared by incubation of an IgGl solution (20 mg/ml) at 63°C
for 20 min (12). Purified IgGl aggregates were prepared by
passing heat-treated IgGI through a 1 x 80-cm column of
Sepharose 4B (Pharmacia Fine Chemicals, Div. of Pharmacia,
Inc., Piscataway, N. J.) as described by others (13). Fractions
with an apparent molecular weight larger than that of mono-
meric IgG were collected, pooled, and concentrated by
vacuum dialysis.

Preparation of anti-IgG. Anti-IgG was prepared as de-
scribed previously (14). A purified IgG fraction of this anti-
serum was prepared by passage of serum dialyzed against
a 0.05-M buffer through a 2.0 x 20.0-cm column of DEAE
Affigel Blue (Bio-Rad Laboratories, Richmond, Calif.) using
the method recommended by the manufacturer. Fab2 frag-
ments were prepared by incubation of IgG with 1%by weight
of pepsin in sodium acetate buffer at pH 4.4 for 36 h. Fab2
fragments were then isolated by passage through a 100 x 2-
cmSephadex G-150 column (15) (Pharmacia Fine Chemicals).

Preparation of EA. Human O+ erythrocytes were drawn
and stored in Alsever's solution at 4°C for up to 2 wk. Erythro-
cytes to be sensitized with anti-D antibody were washed three
times with PBSand 50 ,ul of washed, packed erythrocytes were
incubated with 20 ,ul of IgG anti-D antibody (RhoGam, Ortho
Diagnostics, Inc., Raritan, N. J.) in 1 ml of PBS at 37°C for 1 h.
EA then were washed four times and suspended in 12.5 ml of
RPMI 1640 plus 10% FCS.

Preparation of EA using papain-treated erythrocytes
(EApapaiJd. Papain-treated erythrocytes were prepared by
incubating 50 ,ul of packed erythrocytes suspended in 0.4 ml
of 0.15 MNaCl with 20 ,ul of papain solution at room tempera-
ture for 30 min. The erythrocytes were then washed four
times with PBS, suspended in 1 ml of PBS, and incubated
with 5 ,lA of anti-D antibody for 1 h, washed, and suspended
in 12.5 ml of RPMI 1640 plus 10% FCS.

Preparation of EC43 was carried out using methods previ-
ously described (16). HumanO+ erythrocytes were incubated
with an IgM cold agglutinin antibody and fresh human serum
for 10 min at 4°C and 10 min at 37°C, and then were washed
thoroughly to remove remaining antibody and unbound com-
plement components. Erythrocytes prepared in this fashion
have been shown in the past to be coated with C3 and C4.

Preparation of human serum. 50 ml of blood were drawn
sterilely, cooled to 40C, and centrifuged at 12,000 g for 1 min.

The plasma then was removed, incubated at 37°C for 30 min,
and serum was then separated mechanically from the clot.

Preparation of adherent monocytes. The mixture of
erythrocytes, platelets, and leukocytes remaining after the
removal of plasma above was mixed rapidly with 20 cm3 of
RPMI 1640 containing 10 U/ml of sodium heparin. The cell
suspension was then washed three times with RPMI 1640 and
layered over 20 ml of Ficoll-Hypaque (17) (Pharmacia Fine
Chemicals). The tube was centrifuged at 500 g for 10 min and
1,000 g for 20 min. The mixed mononuclear cells obtained
from the interface were washed three times with RPMI and
were resuspended in RPMI 1640 plus 20% FCS at a concen-
tration of 5-10 x 106 leukocytes/ml. 50-,ul portions of this sus-
pension were added to wells in sterile, 96-well, flat bottom
microtiter plates (Falcon Labware, Div., Becton, Dickinson &
Co., Oxnard, Calif.), and incubated at 37°C for 30 min. Each
well was then washed six times with PBS to remove non-
adherent lymphocytes, erythrocytes, and platelets. Greater
than 90% of adherent leukocytes were monocytes, as judged
by morphologic appearance and the capacity to ingest latex
beads. Monocyte monolayers to be maintained in vitro for
<24 h were overlaid with RPMI 1640 with 10% FCS and
P + S, but for more prolonged incubations monocytes were
incubated in N-T medium with 20%autologous human serum
and P + S in a modification of the method of Johnson et al. (18)
at 37°C in a moisturized 5%CO2 incubator.

Incubation of monocytes with IgGi. Unless otherwise
stated, incubations were performed by suspending mixed
mononuclear cells (5 x 106/ml) in medium containing IgGl
in 12 x 75-mm plastic tubes at 37°C. After incubation, the cells
were washed four times with PBS, resuspended in RPMI 1640
plus 20% FCS, and monocytes were allowed to adhere to
microtiter plates, as described above, before assessment of Fc
receptor (or other) function.

Incubation of monocytes with anti-IgG. Unless other-
wise noted, incubation was performed by adding 50 pl of anti-
IgG diluted 1:250 in RPMI 1640 to wells containing ad-
herent, purified monocytes prepared as described above.
After incubation, each well was washed a total of eight times
with PBS to remove unbound anti-IgG before the assessment
of Fc receptor function.

Trypsin treatment of adherent monocytes. Wells con-
taining adherent monocytes were washed four times with PBS
to remove unbound IgGl or other protein, and 100 ,ul of RPMI
1640 containing trypsin (1 mg/ml) was added to each well. The ad-
herent cells were incubated at 37°C for 30 min and were
washed again with PBS four times.

Assessment of Fc receptorfunction. Adherent monocytes
with or without prior treatment with trypsin were overlaid
with 50 ,ul of a 0.4% suspension of EA in RPMI 1640 with 10%
FCS and erythrocytes were permitted to sediment onto the
adherent monocytes at 37°C. After incubation for 60 min, 50 pul
of 0.5% glutaraldehyde in saline was added to each well for
10 min at room temperature and then each well was washed
throughly with PBS, dried, and stained with Giemsa stain.
Receptor activity was assessed in each well of the inverted
microtiter plate at x200. Monocytes with three or more ad-
herent erythrocytes or with one or more ingested, or partially
ingested, erythrocytes were considered to possess Fc receptor
function. The percentage of monocytes with Fc receptor func-
tion was quantitated in each of three microtiter wells by
scoring at least 100 cells for evidence of interaction with EA.
The mean and standard deviation was calculated for each set
of samples. Less than 1%of monocytes interacted with human
erythrocytes not coated with IgG antibody.

Complement receptor function was measured by adding 50
pl of a 0.4% suspension of EC43 to microtiter wells contain-
ing adherent monocytes that had been washed as described
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above. Cells to be evaluated for complement receptor func-
tion were not treated with trypsin which is known to destroy
complement receptor function (19). The cells in microtiter
wells were incubated at 370C for 1 h, treated with glutaralde-
hyde, and stained as described above. The adherence of
three or more erythrocytes to the monocyte membrane was
considered evidence of complement receptor function. The
percentage of monocytes possessing complement receptor
function was measured in triplicate.

Phagocytic capacity of adherent monocytes was assessed
by adding 50 ,ul of a suspension (1 x 108 particles/cm3) of latex
beads to microtiter wells containing adherent cells. Unin-
gested particles were washed away after a 1-h incubation at 37°C
and 100 cells in each well were scored for evidence of latex
ingestion under an inverted phase microscope at x 100.

RESULTS

The effect of IgGl adsorbed to plastic upon the Fc
receptor function of monocytes. When freshly pre-
pared monocytes were permitted to adhere in micro-
titer wells, most (50- 100%) cells had demonstrable Fc
receptor function as evidenced by the binding or in-
gestion of EA. However, monocytes permitted to ad-
here to microtiter wells coated with monoclonal IgGl
monomer had markedly inhibited Fc receptor function.
Inhibition was mediated by the Fc portion of IgGI be-
cause monocyte adherence to microtiter wells coated
with Fab2 fragments of IgGl did not alter monocyte re-
ceptor function. The loss of Fc receptor function could
be prevented if IgG-coated wells were treated with
trypsin before the adherence of monocytes to the wells,
and could be reversed by trypsin even after the mono-
cytes had adhered to the IgGI-coated wells (Table I,
experiment A). Similar inhibition of Fc receptor func-
tion, which also could be reversed by treatment with
trypsin, was produced when IgGl (10 mg/ml) was added
to wells already containing monolayers of monocytes.
Since the Fc receptor function of monocytes incubated
with IgGI in test tubes and washed to remove unbound
IgG before adherence of cells to wells was undimin-
ished, this inhibition must be dependent in part upon

TABLE I
Effect of IgGI Monomer on FC Receptor

Function of Monocytes

Percent monocytes with
Fc receptor function

Before trypsin After trypsin
treatment treatment

Expt. A Fc receptor function of
monocytes adherent to plastic
wells:

coated with IgGI monomer,
coated with IgG monomer and

then treated with trypsin be-
fore addition of monocytes,

coated with Fab2 fragments of
IgGl,

without contact with IgGI
Expt. B Fc receptor function of ad-

herent monocytes:
after incubation for 3 h in micto-
titer wells with medium contain-
ing IgGl monomer 10 mg/ml,
after incubation with IgGI (10

mg/ml) monomer in a test tube
for 3 h and washing before
transfer to plastic wells,

with medium without IgGl mon-
omer

0.3±0.6*4 97.0±2.1

95.3+2.5

95.0±+2.5
90.3+2.1

ND

ND
97.0+2.1

50.3+3.14 96.0+1.7

95.0±2.5 94.0±1.7

94.7±2.5 94.0± 1.7

* +SD.
4 P < 0.001.
ND, not done.

the adherence of IgGI to the walls of the microtiter well
(Table II).

The effect of aggregated IgGl upon the Fc receptor
function of monocytes. To prevent artifactual inhibi-
tion of Fc receptor function due to adsorption of free
IgG to microtiter wells, in the remaining experiments

TABLE II
Effect of Purified Aggregates of IgGi Upon Fc Receptor Function

% Monocytes with Fc receptor function after incubation

1 h 18h

Monocytes incubated in Without Followed by Without Followed by
medium containing purified trypsin trypsin trypsin trypsin

aggregates of IgGI treatment treatment treatment treatment

6 mg/ml 22.0±30*t 87.7+2.5 4.3+2.54 84.3+ 10.6
0.6 mg/ml 34.3±2.5* 61.7+5.0 4.6+1.74 9.3+0.64
Medium alone 87.3+2.6 90.0+2.6 91.7+3.8 89.3+3.5

* 1 SD.
P < 0.001.
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monocytes were treated with IgGI by incubating mixed
mononuclear cells with IgGl in test tubes and washing
away IgGl before the adherence of monocytes to micro-
titer wells.

Fc receptor function of monocytes was markedly re-
duced by incubation with solutions containing IgGI ag-
gregates. High concentrations of purified aggregates
(6 mg/ml) rapidly reduced Fc receptor function, how-
ever, even after incubation for 18 h this inhibition was
reversed by treatment of monocytes with trypsin (Table
II). Pretreatment of monocytes with trypsin (to uncover
receptor sites blocked with cytophilic IgG) before the
addition of aggregates did not prevent either the loss of
receptor function or the restoration of function pro-
duced by a second incubation with trypsin after contact
with purified aggregates (data not shown).

Monocytes incubated with a more dilute solution of
purified aggregates (0.6 mg/ml) lost Fc receptor func-
tion more slowly, but after 18 h receptor loss was nearly
complete and was not reversed by trypsin (Table II).
A 10-mg/ml solution of heat-aggregated IgG (which
contained -30% aggregated IgGI and 70%monomeric
IgGl) reduced Fc receptor function minimally even
after incubation for 18 h; however, if after incubation
with this solution for 1 h monocytes were washed and
incubated in medium alone, Fc receptor function was
lost over the following 17-h period (Table III). During
the first 12 h of incubation after washing, this loss of Fc
receptor function could be partially reversed by trypsin
but after longer intervals, loss of function could not be
reversed (Fig. 1). The failure of crude heat-aggregated
IgGI to reduce Fc receptor function appears to be due

TABLE III
Effect on Fc Receptor Function of Incubation with IgGI

Followed by Washing and Incubation in Medium

%Monocytes with
receptor function

Before trypsin After trypsin
treatment treatment

Monocytes incubated for 18 h in
medium containing heat-treated
IgGl, 10 mg/ml 90.7±5.9* 93.7±4.6

Monocytes washed and incubated
in medium for 17 h after incu-
bation for 1 h with

monomeric IgGI, 10 mg/ml, 99.0± 1.7 96.3±2.5
heat-treated IgGl F(ab)2,

10 mglml, 98.3±2.9 NDt
heat-treated IgGl, 10 mg/ml; 1.0±1.7§ 5.0±3.6§
medium 95.3±3.1 99.0±1.0

* ±SD.
4 Not done.
§ Difference significant with P < 0.001.

O2 sU

,, 60
\ \

40-

20 -

4 8 12 24
DURATION OF INCUBATION IN MEDIUM FREE OF Ig6i (hours)

FIGURE 1 Time-course of the loss of Fc receptor function
of monocytes suspended in medium free of IgG after incuba-
tion for 1 h in medium containing heat-treated IgGl (10 mg/
ml). Monocytes Fc receptor function assayed: *, without tryp-
sin treatment; 0, after treatment of monocytes with trypsin.

to the presence of monomeric IgG since the loss of Fc
receptor function of monocytes after a 1-h incubation
with heat-aggregated IgGI and washing could be
blocked by the re-addition of monomeric IgG to the me-
dium during the subsequent 17-h incubation (Fig. 2).
Heat-aggregated Fab2 fragments of IgGl did not alter
Fc receptor function (Table III).

The effect of anti-IgG on Fc receptorfunction. Fc
receptor function of monocytes was markedly dimin-
ished by incubation with rabbit anti-IgG antiserum (at
dilutions of 1:250 to 10,000) for 1-2 h. Treatment with
trypsin after 10-30 min of incubation partially reversed
the loss of Fc receptor function but after longer incuba-
tion the loss of Fc receptor function was not reversible
(Fig. 3). A purified IgG fraction of anti-IgG also had ac-
tivity, but Fab2 fragments of IgG anti-IgG did not cause
a loss of receptor function and, in fact, blocked the re-
duction of receptor function produced by unaltered
anti-IgG (Table IV). Normal nonimmune rabbit serum
at similar dilutions did not alter monocyte Fc receptor
function. Inhibition of Fc receptor function produced
by anti-IgG was blocked by the addition of 1 mg/ml of
monomeric IgG to the incubation medium (data
not shown).

The effect of Fc receptor alteration upon phagocyto-
sis and complement receptor function. Monocytes
depleted of Fc receptor function as a consequence of in-
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TABLE IV
Effect of An2ti-IgG Upon Fc Receptor Ftunictioni

% Nionocvtes with
NMonoCvtes inclul)ated with receptor ftunction1

An1ti-IgG antiseruIm1 6.7+3.2*
IgG anti-IgG 3.7±+1.1l4
IgG F(ab), anti-IgG 91.0±5.3
IgG F(ab)2 anti-IgG, 82.8+2.3
followeled by aniti-IgG
Medium 89.3±+-5.0

* +SD.
4 P < 0.001.

Concentration of Monomeric IgGi (mg/ml)

FIGURE 2 FC receptor function of monocytes incubated in
medium containing varying amounts of monomeric IgGI for
17h after incubation with heat-treated IgGl (10mg/ml) for 1 h.

cul)ation with IgGl, or anti-IgG, still phagoeytosed
latex beads and rosetted EC43 normally (data not
shown).

The effect of sodiuim azide on receptor depletion.
The loss of Fe receptor function associated with the ad-
herence of monocytes to plastic coated with monomeric
IgGI was markedly inhibited by prior incubation of the
cells witlh sodliuim azide. Sodium azide did not prevent
the loss of receptor ftunction produced by incubation of
monocytes with heat-treated IgGl or anti-IgG. How-
ever, it did partially block the transformation by which
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10 20 30 40 50 60

MINUTES OF INCUBATION WITH ANTI-Ig6

FIGURE 3 Fc receptor function of monocytes incubated with
anti-IgG (1:500 dilution) for 1 h. Fc receptor function was

either assayed directly (0) or after treatment of monocytes with
trypsin (0).

receptor loss prodlueed by these reagents became irre-
versible despite treatment with trypsin (Table V).

The effect of incubation in vitro upon Fc receptor
function. Fe receptor fuinction of adherent mono-

cytes was assessed after incubation in N-T with 20%
autologouis human serum for 1-4 d. Because mono-

meric IgG present in serum could alter Fc receptor
function by nonspecific adherence to the walls of micro-
titer wells (see al)ove), monocytes were always treated
with trypsin just before assay for Fc receptor function.

Fc receptor fuinction of adherent monocytes incti-
blated in vitro decreased considerably dturing the first
2 d of culture (Fig. 4 0) although nearly all monocytes
still possessed Fc receptors detectable after incubation
with EApapain (Fig. 4, 0). If Fc receptor function was

depleted by treatment with anti-IgG, it was restored
very slowly in vitro and did not return to the level of
undepleted monocytes similarly cultured even after 4 d
(Fig. 5, 0), but significant restoration of Fc receptor
function could be detected using EApapain within 6-12 h
of incubation (Fig. 5, 0). This restoration was inhibited
by the addition of cycloheximide (2 ,ug/ml (Fig. 6,
0) or by the deletion of serum from the incubation
medium (Fig. 6, A).

DISCUSSION

In these experiments we demonstrated that the Fe re-

ceptor function of human monocytes may be reduiced
markedly by incubation with IgG in vitro. Loss of re-

ceptor function may result either from the reversible
saturation of surface Fc receptors with IgG or from irre-
versible loss of receptor function via an energy-de-
pendent process. Monomeric IgGl in solution inhibits
interaction of monocytes with EA presumably by com-

peting with IgG antibody bound to erythrocytes for
a limited number of receptor sites, but since binding is
of low affinity and rapidly reversible, Fc receptor func-
tion is restored as soon as unbound IgGI monomer is
washed away. However, when monocytes are per-

mitted to adhere to a plastic surface coated with mono-

Loss of Fc Function Mediated by IgG 777
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TABLE V
Effect of Sodium Azide on Depletion of Monocyte Fc Receptor Function Produced by IgGI and Anti-IgG

Percent monocytes with Fc receptor function after incubation in medium

Without sodium azide With sodium azide

Without trypsin With trypsin Without trypsin With trypsin
treatment treatment treatment treatment

Monocytes permitted to adhere to wells
coated with IgGl for 1 h 11.7±2.4* ND 90.0+6.9t ND

Monocytes incubated with purified aggre-
gates, 100 ,ug/ml for 3 h 1.7±1.5 57.0±5.3 0.3±0.6§ 90.9±5.0"

Monocytes incubated with anti-IgG for 2 h 13.0±8.2 17.3±3.6 17.0±3.6§ 58.3±2.3"

* SD.
Medium contained sodium azide (15.0 mM).

5 Medium contained sodium azide (0.15 mM).
"Fc receptor function significantly increased (P < 0.01) compared with comparably treated cells incubated in
the absence of sodium azide.

meric IgG, the binding of Fc receptors to IgGl on the
lower surface of the monocyte results in the persistent
loss of Fc receptor function even after unbound IgGl is
washed away. A similar diminution in Fc receptor func-
tion, designated "modulation" (20), has been noted
when murine macrophage (20-22) or human mono-
cytes (23) are permitted to adhere to a plastic surface
coated with immune complexes containing IgG.

100

90

80

70,

DAYS OF INCUBATION IN VITRO

FIGURE 4 Fc receptor function of monocytes incubated in
N-T with 20% autologous serum for 1-4 d. Fc receptor func-
tion was assessed either with "standard" EA (-) or with
EApapain (0).

Our studies extend prior observations in several re-
spects: (a) "modulation" is probably an energy-de-
pendent process since it is inhibited by sodium azide,
(b) modulation of human monocytes can be initiated
by adsorbed monomeric IgG as well as by immune com-
plexes, despite the low avidity of binding of soluble
IgG monomer to the Fc receptor (24). We presume
either that the concurrent adherence to the monocytes
to plastic mechanically stabilizes the interaction of the
Fc receptor with adsorbed IgGI or, alternatively, that

100

90 /

80

z 70

E 60 -

50

40-4

m 30-

2 3
DAYS OF INCUBATION AFTER TREATMENTWITH ANTI-Ig6

FIGURE 5 Evaluation of the rate of recovery of Fc receptor
function after treatment with anti-IgG (1:250) and incuba-
tion in N-T with 20% autologous serum. FC receptor function
was assessed either with standard EA (0) or with EApapain (0).
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20
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DAYS OF INCUBATION AFTER TREATMENT WITH ANTI-Ig6

FIGURE 6 Evaluation of the rate of recovery of Fc receptor
function after treatment with anti-IgG using EApapain to de-
tect Fe receptor function. Cells were incubated in N-T with
20%autologous serum with (0) or without (0) 2 ug/ml of cyclo-
heximide, or with medium without serum (A).

binding of monomer to plastic alters the conformation
of the IgG, permitting firm IgG-Fc receptor binding
in the absence of antibody-antigen interaction or ag-
gregation of the IgG and, (c) that modulation can be
reversed completely by trypsin, which degrades IgGl,
but does not destroy the Fc receptor (25).

Our findings support the hypothesis (20, 21, 23) that
modulation results from the formation of stable com-
plexes between adsorbed IgG and Fc receptors that
migrate to the site of contact with IgG from other parts
of the cell surface (Fig. 7A). Because receptor loss is
reversible, it is unlikely that receptor denaturation or
internalization is important in the loss of function as has
been suggested by others (22). Of practical importance,
since similar adsorption of IgG may occur whenever
concentrated solutions of IgG are incubated with
monocytes adherent to plastic, Fc receptor function of
monocytes that have been incubated in medium con-
taining IgG (such as autologous serum) cannot be as-
sessed accurately unless the cells are transferred from
the IgG-coated surface or are treated with trypsin to
degrade adsorbed IgG.

Because aggregates of IgG are known to bind to the
Fc receptor of mononuclear cells more avidly than

A

B

- Rabbit anti-Human IgG
Human IgG,

1F Monocyte Fc Receptor

FIGURE 7 Proposed mechanisms for reduction of Fc receptor
function of (A) monocytes incubated in a surfaice coated with
IgGl monomer, (B) for monocytes incubated with aggregated
IgGI and (C) for monocytes treated with anti-IgG.

monomeric IgG (24) with a much slower rate of (is-
sociation (26), we presume that the rapid loss of Fc re-
ceptor function following incubation of monocytes with
concentrated solutions of purified aggregates results
from the saturation of available receptors with IgGI ag-
gregates. We attribute the return of function after
trypsin treatment to the degradation of IgGI aggregates
still bound to the receptors on the cell membrane. Since
function was restored by trypsin, even after incuba-
tion with concentrated aggregates for 18 h, IgG-Fc re-
ceptor complexes apparently can remain on the mem-
brane surface without ingestion, shedding, or denatura-
tion for prolonged periods.

Whenmonocytes were incuibated with lower concen-
trations of purified aggregates or with heat-treated IgGl
and then washed to remove contaminating monomeric
IgGI, Fc receptor function gradually was lost over a
12-18-h period and could not be restored with trypsin.
Wepropose that delayed loss of Fc receptor function oc-
curred because smaller amounts of multivalent aggre-
gates bound to the monocyte membrane initially by
only a few of the total Fc fragments available could sub-
sequently bind additional receptors (Fig. 7B). The
eventual irreversibility of receptor loss in this instance
suggests that these complexes are ingested by mono-
cytes as are other receptor-ligand complexes (27).
Alternatively, receptors may be denatured or shed, al-
though there is no data as yet to support these mecha-
nisms.

It is unclear why irreversible receptor loss did not
occur when cells were incubated with very high con-
centrations of IgGl aggregates but it is possible that high
concentrations of membrane-bound complex "overload"
the cell's capacity to organize the process of ingestion
or, alternatively, the binding of multiple Fc receptors
per bound aggregate may be a prerequiisite for inges-
tion, so that if too many IgGI aggregates are bound the
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degree of Fc receptor binding per aggregate is insuffi-
cient to initiate ingestion.

Humanmonocytes isolated and washed in vitro have
been shown to be coated with surface IgG (28). Our
findings suggest that binding of anti-IgG to this mem-
brane-bound IgG may initiate binding of Fc receptors
with the subsequent ingestion of the IgG-anti-IgG com-
plexes. Though the antibody-antigen interaction
(rather than IgG-Fc receptor interaction) is responsible
for the binding of anti-IgG to the surface of monocytes,
receptor loss mediated by anti-IgG appears to proceed
by the same mechanism as described above (Fig. 7C),
since the loss of Fc receptor activity is dependent
upon membrane binding of IgG-anti-IgG with an intact
Fc fragment. The ability to deplete selectively Fc
receptor function in vitro permits the quantitative study
of the rate of regrowth of receptors in vitro. Such re-
growth has been evaluated previously, but the methods
used for depleting Fc receptor function have had sub-
stantial limitations (21, 29). The methods of depletion
described here are simple, specific, and without major
morphologic consequences to the treated cells and,
thus, appear better suited to the study of membrane
receptor dynamics.

The perceived level of Fc receptor function of mono-
cytes incubated in vitro in these experiments varied
depending upon the characteristics of the antibody-
coated erythrocytes used to detect receptor function. Fc
receptor function detected with erythrocytes coated
with IgG anti-D antibody diminished substantially
during incubation in vitro, and receptor regrowth after
depletion was incomplete after incubation in vitro for
4 d. In contrast, Fc receptor function detected using
erythrocytes treated with papain before antibody sensi-
tization was present in >90% of monocytes after 2 d of
incubation in vitro. After depletion with anti-IgG, func-
tion was largely restored within 12-24 h, a rate of re-
covery close to that reported previously (21, 29). This
recovery was blocked by cycloheximide and, thus,
probably required the synthesis of new Fc receptors
in vitro.

We are unable to determine whether these dif-
ferences in perceived receptor function reflect the pres-
ence of two separate populations of Fc receptors
analogous to those reported in the mouse (30), only one
of which is detected by standard EA or whether the
differences noted reflect only a greater propensity of
papain-treated EA for interaction with monocytes
possessing a low level of Fc receptor function. Which-
ever is the case, it is clear that receptor function is at
least partially restored within 24 h but that receptor
function of monocytes incubated in vitro under the con-
ditions described, whether treated with anti-IgG or not,
is diminished compared with uncultured monocytes.

Our studies suggest that the binding and clearance of
immune complexes containing IgG by the reticulo-

endothelial system may result in the selective deple-
tion of Fc receptor function. Such a mechanism
might account for the decreased clearance of IgG anti-
D-coated erythrocytes noted in patients with a variety
of diseases sharing in commonthe presence of circulat-
ing immune complexes. If Fc receptor function is selec-
tively depleted as a consequence of immune clearance
in vivo, the rate at which the reticuloendothelial sys-
tem can regenerate receptor function may be an im-
portant determinant both of the rate of immune clear-
ance and of the severity of immune-mediated de-
struction.
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