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Fc AND C3 RECEPTORS 
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I. BACKGROUND 

The hallmark of mononuclear phagocyte function is phago-
cytosis (reviewed in 1,2). However, it should be emphasized 
here that phagocytosis is a general phenomenon in the bio-
logical world, and that many cells other than mononuclear 
phagocytes are able to ingest particles. For instance, among 
mammalian species, several cell types ingest latex beads, in-
cluding peripheral blood lymphocytes and fibroblasts. The 
only endocytic event that seems to be peculiar to mononuclear 
phagocytes and polymorphonuclear leukocytes is the ingestion 
via plasma membrane receptors for the Fc fragment of the IgG 
molecule. At certain stages of differentiation, C3b fragments 
of the C3 component of complement can also mediate phagocytic 
uptake. These observations are discussed in detail in several 
publications and reviews (3-5,6). 

The procedures described below utilize erythrocytes as 
indicator particles. They allow easy visual examination and 
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quantitation. Furthermore, under usual circumstances, the 
uncoated particles are not recognized by monocytes and macro-
phages, and precise analysis of the ligand-mediated ingestion 
can be performed. 

The following are a series of statements that the authors 
consider important regarding phagocytic assays. They are not 
intended as a review of the subject. Further references can 
be obtained from the original articles and reviews. 

(a) The phagocytic process can be divided in two stages: 
attachment (recognition) and ingestion (interiorization) (1). 
Many ligands mediate attachment without inducing ingestion. 
For instance, mouse resident macrophages do not ingest parti-
cles via their C3 receptor in the absence of IgG (6). The 
fibronectin receptor of human monocytes does not mediate in-
gestion (7) . 

(b) C3 by itself does not usually mediate ingestion by 
monocytes, resident macrophages, and neutrophils. However, 
activated macrophages are able to ingest particles via their 
C3 receptors (6). 

(c) C3b-mediated attachment enhances IgG-mediated uptake 
(8). This synergistic effect may be important in the uptake 
of immune complexes. However, it appears that large amounts 
of C3 interfere with the availability of Fc fragments on the 
target particle for interaction with Fc receptors (9). 

(d) Depending on the species studied, several subclasses 
of IgG seem to mediate phagocytosis. In the mouse, both the 
"aggregate" and the "monomeric" Fc receptors of macrophages 
described by Unkeless (10) seem to mediate phagocytosis (11). 

(e) No single procedure can be used for the identifica-
tion of mononuclear phagocytes with absolute reliability. 
However, in many cases, a mononuclear cell able to ingest a 
particle via the Fc receptor of IgG can be considered a mono-
nuclear phagocyte. The Fc receptor can be detected at any 
stage of differentiation of this cell series. 

II. MATERIALS 

A. Reagents 

(1) Phosphate-buffered saline (PBS) (Grand Island Bio-
logical Co., New York). 

(2) Hanks' balanced salt solution with divalent cations 
(Hanks1) (Grand Island Biological Co., New York). 

(3) Dulbecco's Modified Eagle's Minimum Essential Medium 
(Dulbecco's) (Grand Island Biological Co., New York). 
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(4) Alsever's: glucose, 24:6 gm; sodium citrate (dihy-
drate), 9.6 gm; NaCl, 5.04 gm? add 1.2 liter double distilled 
Η~0 and adjust to pH 6.1 with saturated citric acid. Steril-
ize by filtration. 

(5) Veronal-buffered saline with Ca , Mg2+, and glucose 
(VBG): This solution should be prepared from stock solutions 
shortly before the preparation of indicator erythrocytes (see 
below). 

Stock veronal: NaCl, 83 gm; Na-5,5-diethyl barbiturate, 
10.19 gm; double distilled H20, 1.5 liter. Adjust pH to 7.35 
and volume to 2 liter. 

Stock Ca2 + and Mg2+: 1 M MgCl2 and 0.15 M CaCl2 in 
double-distilled H20; add 10 ml of veronal stock to 25 ml of 
10% glucose and 100 yl of Ca2+, Mg2 + stock. Add 0.1 gm of 
gelatin dissolved in 1 ml of hot H20. Adjust volume to 100 ml 
with double-distilled H20. Keep on ice. 

(6) Fetal calf serum (FCS) (Grand Island Biological Co., 
New York). Heat inactivate for 1 hr at 56°C. 

(7) Brewer's Thioglycollate Medium (Difco Laboratories, 
Detroit, Michigan): 4% (w/v) solution in double-distilled 
H20. Boil briefly and sterilize by autoclaving. Keep at 
room temperature in the dark. 

(8) Glutaraldehyde, 1.25%: Dilute 25% stock (Fisher 
Scientific Co., Fair Lawn, New Jersey) in PBS. 

(9) Hypaque-Ficoll mixture: Lymphocyte separation medium 
(Bionetics, Bethesda, Maryland). 

(10) EDTA (Disodium ethylenediamine tetraacetate). Pre-
pare 0.1 Ai stock in double-distilled H20. Addition of NaOH 
will facilitate dissolving. Adjust pH to 7.35 with NaOH and 
sterilize by filtration. This solution is isotonic. 

(11) Sodium suramin (FBA Pharmaceuticals, New York, New 
York). Inhibits serum C3b inactivator enzyme. 

(12) Pansorbin: 10% suspension of Staphylococcus aureus 
cells (Calbiochem-Behring Corp., La Jolla, California). Used 
for removal of trace IgG from IgM preparations. 

(13) Cr, Isotonic solution of sodium chromate, 10 mCi/ml, 
half-life = 27.9 days (Amersham-Searle Co., Arlington Heights, 
Illinois). 

B. Cells 

1. Murine Macrophages 
Murine peritoneal macrophages are prepared by washing the 

peritoneal cavity twice with 5 ml PBS. The cells are washed 
twice with PBS and once with Dulbecco's. For plating on 
coverslips, the macrophages are resuspended in Dulbecco1s with 
5% heat-inactivated FCS to a concentration of 1 x 106/ml. 
Round (12 mm) glass coverslips are prepared by washing with 
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70% ethanol and flaming; 100 yl of cell suspension is then 
placed on each coverslip. After 1 hr at 37°C, the coverslips 
are picked up with forceps and washed by vigorous immersion 
in Dulbecco's to remove nonadherent cells. The coverslips 
are placed, cell side up, in Linbro wells each containing 1 ml 
Dulbecco·s medium. 

Activated macrophages are obtained, in the same manner, 
4 days following an intraperitoneal injection of 1 ml Brewer's 
Thioglycollate medium (4% w/v) and plated in the identical 
manner. 

2. Human Monocytes and Lymphocytes 
Typically, 20 ml of human blood is drawn into a syringe 

containing 400 yl of 0.5 M EDTA and diluted with equal volume 
of Hanks'. The blood is then carefully layered on top of 20 ml 
of Hypaque-Ficoll and centrifuged at 12°C for 40 min at 400 g 
(as measured at interphase). Erythrocytes and granulocytes 
form a pellet. The monocytes and lymphocytes form a band at 
the interphase. The cells are collected into a large volume 
of Hanks' to dilute the high-density Hypaque-Ficoll mixture 
and washed 3 times with Hanks'. Plating on coverslips is the 
same as for macrophages (sect. 2.2.1) except that human serum 
should be used instead of FCS. This will prevent the lympho-
cytes from adhering to glass resulting in a monolayer consti-
tuted predominantly of monocytes. 

3. Erythrocytes (E) 
Sheep blood diluted 1:1 in Alsever's should be used be-

tween 3 and 14 days of collection. Blood (3 ml) in Alsever's 
is diluted in a large volume of Hanks' and the erythrocytes 
washed 3 times in Hanks'. The pellet is resuspended in Hanks' 
to a 5% packed cell volume. This suspension contains approxi-
mately 10^ cells/ml and should be prepared on the day of the 
experiment. 

If human lymphocytes are present in the preparation, the 
5% erythrocytes should be treated with 1 mg/ml of trypsin at 
37°C for 1 hr. This should be followed with a wash in Hanks' 
containing 1 mg/ml of soybean trypsin inhibitor. These ery-
throcytes will not bind to human T cells. 

In certain situations, ox erythrocytes are more convenient 
particles to use in the described assays. Because of charge 
characteristics of their surface, they do not agglutinate even 
when rather high concentrations of antibodies to ox erythro-
cytes are used. This allows the preparation of indicator par-
ticles with high concentrations of IgG for Fc receptor assays. 
The procedures used are identical. Commercial preparations of 
antisera to ox erythrocytes are available from many sources. 

Latex beads are commonly used in phagocytic assays. How-
ever, they are normally ingested by mononuclear phagocytes and 
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by many other cell types including fibroblasts and lymphocytes 
in the absence of humoral factors. This lack of specificity 
limits their use to only certain experiments. Latex ingestion 
is not a reliable marker of cells of the mononuclear phagocy-
tic series. 

C. Antisera and Complement Components 

1. Antibodies to Sheep Erythrocytes 
The IgM and IgG fractions of rabbit antiserum to sheep 

erythrocytes (E) can be obtained from Cordis Corporation, 
Miami, Florida. Alternatively, antibody fractions may be 
purified by chromatography of whole antiserum on DEAE-cellu-
lose followed by a passage through G-200 Sephadex. Removal 
of trace IgG from the IgM fraction is described in Section 
III.A. Both antiserum fractions should be tested by hemagglu-
tination against 0.25% E. The lowest nonagglutinating dilution 
is multiplied by 20 because the methods described below require 
5% E suspension. 

2. Partially Purified Complement Components 
Cl, C4, C2, and C3 components of human and guinea pig com-

plement may be obtained from Cordis Laboratories, Miami, Flori-
da. These should be stored at -70°C and reconstituted for use 
with 5 ml/vial of cold, sterile, double-distilled H20; volumes 
given in subsequent section refer to these preparations. 

3. Mouse Complement 
Since mouse complement is in general poorly lytic at the 

required concentrations, pooled sera from most inbred and out-
bred strains may be used. However, the optimal sources are 
inbred strains such as AKR/J and A/J, which are genetically 
deficient in C5. The blood is collected from ether-anesthe-
tized mice either by heart puncture or by sectioning the axil-
lary veins. The blood is kept for 15 min at room temperature, 
left on ice for 1 hr, and then centrifuged at 8700 g for 2 
min in a Microfuge (Beckman Instruments). The serum may be 
used immediately or stored up to 60 days at -70°C. Freezing 
and thawing should be avoided. 

4. C3b Inactivator for the Preparation of E (IgM) C3d 
Human blood that has been allowed to clot at 37°C for 1 hr 

is spun at 1000 g for 15 min. The serum is heat-inactivated 
for 30 min at 56°C and EDTA added to the final concentration 
of 10 mM. The serum is then absorbed in the cold with 1/5 
volume of packed E. Partially purified preparation of C3b in-
activator can be obtained from Cordis Laboratories, Miami, 
Florida. 
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I I I . METHODS 

A. Purification of IgM 

Trace amounts of IgG in E(IgM)C preparation described be-
low, will lead to the binding and ingestion of the erythro-
cytes by human monocytes and mouse resident macrophages. We 
find it essential to remove trace IgG from commercial and 
laboratory preparations of IgM by absorption with protein A. 
Pansorbin stock (0.6 ml of 10%) is washed 3 times with sterile 
PBS by spinning at 8700 g for 2 min. Pansorbin is resuspended 
in 0.2 ml PBS, 0.6 ml of IgM added, and the mixture resuspend-
ed in a vortex mixer. During the 20 min incubation at room 
temperature, the tube is placed in the vortex 3 or 4 times. 
The Pansorbin is spun in a Microfuge. Unused IgM should be 
stored at -20°C. 

B. Preparation of Indicator Erythrocytes 

1. E(IgG) 
One ml of 5% E in Hanks1 is combined with an equal volume 

of a dilution of IgG anti-E as determined by hemagglutination 
and incubated for 15 min at 37°C. E(IgG) is washed 3 times 
by centrifugation in Hanks■ and resuspended to 10 ml with Dul-
becco's. This constitutes the 0.5% E(IgG). 

2. E(IgM) 
Two ml of 5% E in Hanks1 are added to an equal volume of a 

dilution of IgM anti-E as determined by hemagglutination and 
incubated for 15 min at 37°C. E(IgM) is washed once by centri-
fugation and resuspended to 2 ml in VBG. One ml is washed 3 
times in Hanks' and resuspended to 10 ml with Dulbecco's. 
This constitutes the 0.5% E(IgM). The remaining 1 ml of E(IgM) 
is used for the preparation of E(IgM)C. 

3. E(IgM)C (Prepared with Mouse Complement) 
One ml of E(IgM) in VBG is added to 1 ml of mouse serum 

diluted 1:5 in VBG and incubated 10 min at 37°C. Cold VBG is 
immediately added. E(IgM)C is washed 3 times in the cold and 
resuspended in 10 ml Dulbecco's. This is 0.5% E(IgM)C, con-
taining predominantly C3b. Note: During the 10 min incubation, 
some C3b will be converted to C3d. This can be prevented by 
supplementing the serum dilution with 2 mg/ml Suramin. 

4. E(IgM)C3d 
Where the preparation of E(IgM)C3d is desired, the incuba-

tion period is extended to 30 min and no Suramin is added. 
The resulting preparation should be further incubated in mouse 
serum diluted 1:1 with saline containing 10 mM EDTA. 
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5. E(IgM)C14 (Prepared with Partially Purified Human 
and Guinea Pig Complement Components) 

One ml of E(IgM) 5% in VBG is added to 1 ml of Cl. The 
mixture is incubated for 45 min in an ice bath followed by 
5 min at 37°C. The cells are spun down in the cold and the 
supernatant discarded. Cold VBG (0.5 ml) is added followed 
by 1 ml of cold C4 and the mixture is incubated for 30 min at 
0°C. The preparation is then washed 3 times in the cold and 
resuspended with Dulbecco's to the final volume of 10 ml (0.5%). 

6. E(IgM)C1423b 
One ml of C2 is added to 1 ml of E(IgM)C14 (5%) followed 

by 1 ml of C3. The mixture is incubated for 45 min at 30°C, 
washed twice in the cold, and resuspended in 10 ml of Dulbeccofs. 

7. E(IgM)C1423d 
One ml of heat-inactivated (56°C, 30 min) human or guinea 

pig serum is preabsorbed with 1/5 packed volume of E for 10 min 
on ice. The serum is diluted 1:1 in saline and added to 1 ml 
of 5% E(IgM)Cl423b. The mixture is incubated at 37°C for 45 
min, washed twice, and the cells resuspended in 10 ml of Dul-
becco's. Partially purified C3b inactivator (Cordis Labora-
tories, Miami, Florida) can be used effectively in this step. 

£. Chromium Labeling of Indicator Erythrocytes 
Opsonized erythrocytes are spun down (300 g, 10 min) to a 

packed cell volume of 50 yl. The pellet is resuspended in 50 
yl of Hanks1 and 100 yCi of Cr. The mixture is incubated for 
40 min at 37°C with shaking. One ml of Dulbecco's is added at 
the end of the incubation and the mixture is layered carefully 
on top of 5 ml of Hypaque-Ficoll. Following centrifugation at 
500 g for 15 min, the supernatant is discarded and the labeled 
erythrocytes washed once in Dulbecco's. The preparation is 
then incubated for 30 min on ice, washed 3 times and resuspended 
with 10 ml (0.5% final concentration) of Dulbecco's. 

C. Assays 

1. Monocyte and Macrophage Monolayers 
The coverslips with cell monolayers are placed in culture 

plates and washed once with Dulbecco's. The medium is replaced 
with 0.5 ml of erythrocyte suspension (0.5%). After 1 hr incu-
bation at 37°C, the coverslips are washed repeatedly with Dul-
becco's and one set of duplicates fixed with 1.25% gluteralde-
hyde. Prior to fixation, the second set of duplicates is washed 
for 15 sec in Hanks' diluted 1:4 with water. This lyses all un-
ingested erythrocytes. Following fixation, the coverslips 
should be washed with water and stored in cold water with 0.01% 
NaN3 to prevent contamination. If the erythrocytes used in the 
assay were labeled with 51Cr, the coverslips are placed directly 
in a gamma counter. For microscopic examination, the coverslips 
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are placed cells down on a wet slide and viewed under phase 
contrast illumination. Giemsa staining of monolayers facili-
tates observation. 

2. Cell Suspensions 
Suspensions are adjusted to a concentration of 2 x 10 /ml 

and 0.5 ml of the suspension is placed in a 5-ml plastic tube. 
The erythrocyte complex (0.5 ml of 0.5%) is added and the mix-
ture spun at 40 g for 5 min. Pelleted cells are incubated for 
15 min at 37°C without disturbing. After incubation, the pel-
let is gently disrupted by shaking and the cells examined under 
phase. 

IV. QUANTITATION OF RESULTS 

A. Rosetting 

The degree of binding of opsonized erythrocytes to phago-
cytic cells is most conveniently expressed as a percentage of 
cells forming rosettes. A rosette is defined as a cell that 
has bound three or more target erythrocytes. A more useful 
number is expressed as the number of erythrocytes bound per 
100 cells. Large numbers of assays can be performed by using 
-^Cr label to estimate the number of erythrocytes bound per 
coverslip. This is then divided by the number of cells attach-
ed per coverslip obtained by visual examination and the result-
ing ratio multiplied by 100. 

B. Ingestion 

The best method of expressing the degree of ingestion in a 
phagocytic event is to calculate the index of ingestion. This 
is defined as the number of erythrocytes ingested divided by 
the number of phagocytic cells counted times 100. To minimize 
the errors in counting the ingested erythrocytes, the bound 
uningested erythrocytes must be lysed by a hypotonie wash 
(Section III. C.l). For accurate results, 200 cells should be 
counted. When ^Cr-labeled erythrocytes are used, the uningest-
ed erythrocytes are lysed and the index calculated as described 
for the binding assay (Section IV. A). 
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V. QUALITY OF THE REAGENTS 

A. Erythrocytes 

Mouse macrophages bind and ingest nonopsonized old erythro-
cytes. Thus, the sheep blood should be used 1-2 weeks after 
collection. 

B. Purity of IgM 

As mentioned previously, IgM preparations should be abso-
lutely free of IgG. If no routine absorption with S. aureus 
is performed, the degree of IgG contamination should be assess-
ed by passive hemagglutination of E(IgM) with a high-titer, 
heavy-chain specific antiserum to rabbit IgG. 

C. Complement 

If the complement is stored frozen, each batch should be 
pretested for activity prior to use in the above assays. Stor-
age for more than two months or at a temperature higher than 
-70°C is not recommended. 

VI. USE OF 51Cr-LABELED ERYTHROCYTES 

It is suggested that the binding and ingestion assays be 
standardized by visual quantitation prior to the use of the 
51-Cr label. This method is very useful when a large number of 
assays is involved. When the number of erythrocytes to be 
counted is small, the accuracy of this method is markedly de-
creased. In addition, erythrocytes may bind nonspecifically 
to the coverslips. This may be overcome by pretreatment of 
the coverslips with serum and by the use of control coverslips 
containing no cells. 
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