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IDENTIFICATION OF Fc AND COMPLEMENT 
RECEPTORS IN TISSUE SECTIONS 

Jeffrey Cossman 
Elaine S. Jaffe 

I. GENERAL INTRODUCTION 

Techniques used to identify Fc receptors and complement 
(C) receptors are most often applied to cells in suspension. 
Such techniques permit the quantification of cells bearing 
these receptors within a given population and, coupled with 
the preparation of cytocentrifuge smear preparations, may 
permit the investigator to visualize directly the receptor-
positive cells (1). 

However, inherent in these techniques are also certain 
limitations. Although a cellular suspension may be readily 
prepared from peripheral blood and most lymphoid tissues, any 
degree of fibrosis within the tissue may lead to difficulty 
in extracting the cells. An adequate cellular suspension is 
also often difficult to prepare from nonlymphoid tissues such 
as skin, synovia, and breast, especially if the mononuclear 
cell infiltrate is sparse. Furthermore, even if a mononuclear 
cell suspension is readily prepared, the population of cells 
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obtained may not accurately reflect the representation of in-
dividual cell types within the intact tissue. For example, 
when a mononuclear suspension is prepared from spleen, only 
10% or less of the cells are mononuclear phagocytes. However, 
these cells are the dominant noncirculating cellular element 
in the red pulp, which topographically represents at least 60% 
of the normal spleen. It is likely that macrophages are 
trapped in the cords of Bilroth by the ring fibers and are 
not readily liberated into suspension. 

Suspension techniques also have the disadvantage that one 
cannot define the physical interrelationships among the vari-
ous cell types present, whereas techniques applicable to tis-
sue sections allow one, not only to quantify roughly various 
cell types, but also to study their distribution within the 
tissue. 

Our purpose in this chapter is to define and discuss 
methods for the identification of Fc receptors and C receptors 
in frozen tissue sections. These receptors are found on mono-
nuclear phagocytes but, of course, are by no means specific for 
these cells. Where possible, we shall also discuss what other 
cell types bear these receptors and how they can be distin-
guished in sections from macrophages. 

Although we have commented upon the advantages inherent in 
the tissue section techniques over those used on cell suspen-
sions, there are certain disadvantages to these techniques as 
well. In general, the receptor assays applied to frozen tissue 
sections are less sensitive than the same techniques using the 
same reagents applied to cell suspensions. Several factors 
may contribute to this lack of sensitivity. One is that only 
a portion of the cell membrane bearing the receptor is exposed 
in frozen tissue sections, whereas in suspensions the entire 
cell surface is available for binding. Second, certainly some 
deterioration of the receptors may occur on cells in the .frozen, 
but nonviable state. For example, if the tissues are not stored 
under optimal conditions, extreme deterioration and even loss of 
receptor activity may be noted. 

It should also be noted that the suspension techniques, 
coupled with cytocentrifuge preparations, are a much more re-
liable way of identifying receptors associated with a particu-
lar cell. With the present methodologies, individual cells 
usually cannot be distinguished as positive or negative in fro-
zen tissue sections. Rather, these techniques are more useful 
in identifying populations of cells within a finite area. This 
disadvantage should be born in mind, especially when studying 
neoplastic conditions. Cytocentrifuge smears still remain the 
most reliable method for identifying receptors associated with 
neoplastic cells. 
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As such, we recommend that the frozen tissue sections tech-
niques be used in conjunction with, and as a complement to, 
those applied to cell suspensions. 

II. RECEPTORS FOR C3d (CR2) BY USE OF EAC3d 

A. Introduction 

At least two distinct complement receptors occur on cell 
surfaces. One is a receptor for a site on the C3b fragment of 
the C3 molecule (CRl) and another binds the C3d fragment (CR2) 
(2) (Fig. 1). CRl is expressed by human lymphocytes (2), mo-
nocytes (3), granulocytes (2), and human erythrocytes (5). 
CRl will bind both C4b and C3b (6). Human lymphocytes and pos-
sibly mononuclear phagocytes bind C3d, whereas erythrocytes 
and mature granulocytes do not possess CR2 (2). A third com-
plement receptor (CR3 or C3bi receptor) has been described for 
granulocytes and monocytes and may bind to a small fragment of 
the a chain of C3 known as C3e (7). 

Specific identification of cells bearing either CRl or CR2 
is most readily accomplished by rosette formation between tar-
get cells and sheep erythrocytes (E) coated with antibody (A) 
and complement (C) (EAC). Complete cleavage of C3 to its C3d 
fragment provides an EAC particle that is specific for CR2 
(Fig. 1) and will not bind other complement receptors. Inter-
mediate forms of the partially cleaved C3 molecule (C3bi) may 
bind to CR3 as well as CR2. Specificity of EAC and thus cleav-
age of C3 is monitored by the adherence of EAC to cells that 
possess only one receptor subtype. A reliable method for the 
identification of CR3 receptors is not currently available. 
The methods to be described for the detection cells bearing CRl 
or CR2 were adapted from Ross and Polley (8). 

J5. Reagents 

1. Solution A 

Gelatin - Veronal-buffered saline (GVB) and GVB-EDTA use 
distilled or deionized water. Dissolve 40 gm gelatin in 1 
liter of boiling water. Cool and bring to a final volume of 
2 liters with water. Aliquot 50-ml volumes, autoclave, and 
store at 4°C. 
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Fig. 1. Schematic representation of the structure of the third component of human complement 
(C3) and its cleavage sites. C3 binds to the antibody of the antigen-antibody complex at a point 
on the α-chain, which contains the C3d fragment. The three-step cleavage of C3 indicated below 
results in the sequential exposure of binding sites for first CRI, CR2, and CR3. Numbers in 
parentheses represent molecular weights. Modified from Carlo et al. (25), and Ross (7). 
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2. Solution B 

Dissolve 0.44 gm CaCl2 - H20 and 2.03 gm MgCl2 - 6H20 in 
100 ml water and s t o r e a t 4°C. 

3 . Solution C 

Dissolve 3.75 gm Na-5,5-diethyl barbiturate and 85.0 gm 
NaCl in 140 ml water. Dissolve 5.75 gm 5,5-diethyl barbituric 
acid in 500 ml hot water. Combine the two solutions, filter 
sterilize, and save as a 5X stock. 

4. Solution D (0.2 M EDTA) 

Dissolve 37.23 gm disodium EDTA and 38.02 gm tetrasodium 
EDTA in 1 liter boiling water, cool, bring to a final volume 
of 2 liters at pH 7.2. 

GVB-EDTA is prepared by combining 5 ml solution A, 20 ml 
solution B, and 20 ml solution D and bringing to a final 
volume of 100 ml with distilled water. 

Sheep erythrocytes (E) may be purchased from numerous 
companies including Cordis Laboratories, Miami, Florida. 
These cells are stored in Alsever's solution. For use, wash 
the sheep erythrocytes three times in GVB. The packed cell 
volume should be determined in the final centrifugation and 
red cell concentration brought to 5% v/v. Alternatively, this 
cell concentration can be spectrophotometrically determined. 
Add 0.5 ml of the red cell suspension to 7.0 ml distilled 
water, shake to lyse the cells, and read the optical density 
of the lysate at 541 ntf. The OD541 should be 0.70 ± 0.04, if 
not, correct the cell concentration as follows: 
Vf - V^ (O.D./0.70) , where V$_ = final corrected volume, 
V^ = initial volume, Vf - V^ = volume needed to add or subtract 
from initial cell suspension. 

The IgM fraction of rabbit antisheep erythrocytes is avail-
able from Cordis Laboratories. The titer of the antibody to 
be used for sensitization of E is one-half the minimum hemag-
glutinating concentration. This is determined by adding equal 
volumes of 5% E in GVB to serial double dilutions of the anti-
body in GVB (usually a range from 1:4 to 1:1024). Incubate 30 
min at room temperature without rotation and check for agglu-
tination with a microscope. This titer must be determined for 
each new batch of either antibody or E. 

C-5 deficient mouse serum is used as the complement source 
and this may be obtained from any C-5 deficient mouse strain, 
e.g., AKR, A/HeJ, DBA/2J, and A/J. The serum should be removed 
soon after a firm clot has formed (usually about 30 min). 
Serum may be used fresh or stored at -70°C or below for as long 
as two weeks. 
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Human erythrocytes are stored at 10% in GVB at 4°C and used 
at 1%. The shelf life is one month. The Raji Burkitt's lym-
phoma cell line is maintained in continuous culture in RPMI-1640 
(GIBCO, Grand Island, New York) supplemented with 10% fetal calf 
serum, penicillin, and streptomycin. 

To prepare antibody-sensitized erythrocytes (EA), combine 
equal volumes of erythrocytes (5%) in GVB with antibody (1/2 
the minimum hemagglutinating concentration), incubate 30 min at 
37°C, wash 3 times in GVB, and resuspend in GVB at 2.5%. EA 
should be stored at 4°C and are good for one week. 

EAC3d is prepared by a three-step procedure. First, 1 ml 
of EA and 1 ml mouse serum (diluted 1:20 in GVB) are thoroughly 
mixed and incubated with rotation for 45 min at 37°C. Wash 
once in cold GVB, once in cold GVB-EDTA, resuspend in 2.5 ml 
GVB-EDTA and incubate for 30 min at 37°C. This step allows de-
cay of Cl, 4, and 2 from the cell surface. Following this in-
cubation, add 2.5 ml of mouse serum (1:5 in GVB-EDTA) to the in-
cubation mixture and incubate for a further 45 min to permit 
complete cleavage. 

To test EAC3d for specificity, the reagent should be tested 
against both Raji cells and human erythrocytes (Table I). Add 
50 yl EAC3d to 50 yl Raji cells (4 x 106/ml), incubate, rotating 
30 min at 37°C, and count rosette formation with a hemocyto-
meter. A positive Raji cell should have at least three EAC3d 
clearly bound to the surface. Usually 95 - 100% of viable Raji 
cells form rosettes with EAC3d. To test EAC3d for immune ad-
herence, this procedure is repeated, incubating 50 yl EAC3d with 
50 yl human erythrocytes (10). EAC3d should not form clumps 
with human E. If clumps are present then C3b is still present 
on the EAC and these EAC cannot be used as indicators specific 
for CR2 only. A negative control should always be run simul-
taneously with any EAC reagent. This consists of IgM sensitized 
E (EA) to which no complement has been added. 

C. Procedure 

I. Preparation of Tissue for Frozen Sections 

Biopsy material should be obtained and processed for freez-
ing as soon as possible after surgical removal, preferably with-
in 1 hr. The use of autopsy tissues may not be satisfactory, 
and to some extent may depend upon the postmortem interval. 
Although in some instances receptors may be intact in postmortem 
tissues, this is not always the case. 

The tissue is maintained in sterile saline or balanced salt 
solution. As discussed above, a portion of the tissue can be 
processed as a cell suspension for correlation with receptor 
studies on frozen sections. The tissue block used for frozen 
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TABLE I. Specificity of Complement Receptors on Human Cells 

Eryth- Mononuclear Neutrophilic B Lympho-
rocyte Raji phagocyte granulocyte cyte 

EAC4b (CR1) + - + + + 
EAC3d (CR2) - + ± - + 

sections should be no more than 3 mm in thickness. The other 
dimensions of the block are less crucial and can be as large 
as 2 x 2 cm. However, as a general rule, it is more difficult 
to cut frozen sections from a large block. 

The block is mounted and frozen on a specimen plate. The 
plate may be precooled on Dry Ice or in a cryostat. A small 
amount of embedding medium (O.C.T. Ames Co., Division of Miles 
Laboratories, Inc., Elkhart, Indiana) is placed on the plate 
as a base. The tissue block is placed on the plate and addi-
tional embedding medium added until the entire block is 
covered. The specimen mounted on the tissue plate should be 
frozen as rapidly as possible to minimize the formation of ice 
crystals, and prevent distortion of histology. The entire 
block can be snap frozen by immersing the tissue and plate in 
liquid nitrogen or in 2-methyl butane to which Dry Ice has 
been added. The specimen will be frozen within a few seconds. 

2. Storage of Frozen Tissues 

The frozen tissue can be cut and assayed immediately or the 
entire tissue block can be stored and saved for future use. 
The tissue block encased in embedding medium may be detached 
from the specimen plate for long-term storage. For storage, 
the intact block is wrapped in aluminum foil to prevent dehy-
dration and stored at -70°C or below. Storage at -20°C is 
suitable only for short periods of time. Tissue stored at 
-70°C can be studied after several years and satisfactory re-
sults still obtained. 

3. Rosette Assay 

The frozen sections are cut and mounted on glass slides at 
the time the rosette assay is to be performed. The sections 
may be prepared a maximum of 24 hr in advance. Cryostat sec-
tions are mounted on uncoated, clean glass slides. Gelatinized 
slides may be used to improve adherence of the tissue section 
to the glass. However, use of such coated slides is usually 
not necessary if the sections are given adequate time to dry 
before the assay is performed. The sections may be air dried 
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at room temperature for 12 to 24 hr orf if they are prepared on 
the day of the assay, they may be rapidly dried at 37°C for 45 
min. The sections should be cut at a thickness of 6 to 8 ym. 
The rosette assay may be performed by either of two methods· 
In both methods, the indicator red cells are used at a concen-
tration of 1 x 108 ml (0.5%). 

In the first method (9), the slides are overlayed with the 
reagent red cells using a Pasteur pipette, and incubated for 
30 min at either room temperature or 37°C. If the incubation 
is performed at 37°C a humid chamber should be used so that 
drying of the red cells on the sections does not occur. After 
incubation, the slides are washed by immersion with gentle agi-
tation in phosphate-buffered saline (PBS) in a Coplin jar or 
other suitable glass vessel. Three washes are usually suffi-
cient, but it is possible to tell by rapid microscopic inspec-
tion if the washing process is complete. After washing, the 
slides are immersed in fixative for approximately 10 min. 
Care must be taken in selecting an appropriate fixative; fixa-
tives commonly used for frozen sections, such as acid alcohol, 
are not suitable as lysis of indicator red cells will occur. 
Appropriate fixatives include 3% glutaraldehyde or Perfix 
(Fischer Scientific Co., Fairlawn, New Jersey 07410). The 
fixed slides are stained with hematoxylin and eosin. The above 
technique is considered the conventional assay technique and 
is of moderate sensitivity. 

An alternate technique that offers increased sensitivity is 
the hanging drop technique (Fig. 2) (10, 11). In this technique 
a microculture slide chamber (Arthur H. Thomas Co., Philadelphia, 
Pennsylvania) is used to hold the indicator red cells. The 
frozen sections are cut and allowed to air dry on glass slides 
as described above. As shown in Fig. 2a, the microculture slide 
well is filled with the reagent red cells. The glass slide 
bearing the frozen section is placed carefully over the well of 
the microculture slide, being careful to prevent the entry of 
any air bubbles (Fig. 2b). Excess reagent is drained off and a 
suction is formed. As shown in Figs. 2c and 2d, the microcul-
ture slide is inverted to allow the settling of indicator red 
cells onto the frozen section. The chamber is incubated at room 
temperature or 37°C for 30 min. The slide is then inverted and 
incubated again for 15 min. After allowing the nonadherent red 
cells to detach, the section is tapped gently with a glass rod 
to detach any residual loosely adherent cells (Figs. 2e and 2f). 
The frozen section slide, still attached to the microculture 
slide, may be examined through a microscope at this point to de-
termine the pattern of adherent red cells (Fig. 3). A parallel 
frozen section stained with hematoxylin and eosin should be used 
in conjunction with the slide incubated with the reagent, so 
that the histology of the tissue may be observed. After exami-
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nation, the frozen section slide should be gently detached from 
the microculture slide, fixed as above, and stained with hema-
toxylin and eosin. 

D. Interpretation 

The fixed and stained frozen sections are viewed through a 
conventional microscope to determine the pattern of adherent 
red cells. The stained sections can also be examined at low 
magnification through a dry-darkfield condenser. In this 
preparation, the adherent red cells appear as yellow - green 
refractile bodies against a dark background, and small numbers 
of adherent red cells can be easily identified. 

Sections incubated by the hanging drop technique can be 
examined either as fixed and stained preparations or examined 
with the hanging drop chamber intact (Fig. 2f). Although the 
tissue in this preparation is not stained, the general archi-
tecture of the tissue can usually be discerned by examination 
of the reticulin and fibrous framework. In this instance a 
parallel frozen section stained with hematoxylin and eosin 
also should always be used. 

Controls should be used for both the standard rosette as-
say and the hanging drop technique. Suitable controls would 
include sheep red blood cells without added antibody and/or 
complement source, or substitution of heat-inactivated serum 
for the complement source. There should, of course, be no ad-
herence of control indicator red cells under the incubation 
conditions described above. 

Results of the frozen section assays should be recorded as 
to (1) the pattern of adherent red cells and (2) the intensity 
of the binding observed. A grading system such as 1+ through 
4+ can be used, if the tissue examined is relatively homogenous. 
Identification of binding by individual cells is usually not 
possible with these techniques. 

E. Critical Comments 

In our laboratory, the frozen section assays are generally 
conducted either in duplicate or triplicate. Occasionally, 
tearing or disruption of the tissue may occur during the incu-
bation and washing procedures. Performing duplicate assays 
gives the investigator a greater likelihood of having a satis-
factory result and also provides for better control of the 
method. 

As stated above the rosette assays are most useful when per-
formed in conjunction with the same assays in suspension. The 
frozen section assays are generally not useful for the identi-
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HANGING DROP TECHNIQUE 

Frozen section 
a. 

Φ 

Indicator cells in well of microculture slide 

C. 1/ d. 

Jd 
'rod 

e. 

Fig. 2. Schematic representation of hanging drop technique. 
For detailed description, see text, Section U.C.3. Modified 
from Tonder et al. (10). 

Fig. 3. Frozen sections of normal spleen incubated using 
hanging drop technique: Photomicrographs are taken of speci-
men in unfixed, unstained state through microculture slide 
chamber (Fig. 2f). (a) EAC3d. Reagent erythrocytes bind to 
lymphoid follicle. There is no binding to red pulp. (2) IgGEA. 
Erythrocytes bind exclusively to cords of splenic red pulp. 
Follicular lymphocytes do not bind reagent. 



XI. MONONUCLEAR PHAGOCYTES IN VIVO 999 

(A) 

(B) 
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fication of receptors associated with single cells. 
In using these assays, the investigator may make several 

modifications in order to enhance binding in a given system. 
As long as the same modifications are made with control prepa-
rations, then interpretation of the assay is not a problem. 
Modifications that may enhance binding include incubation at 
37 C rather than room temperature, an increase in the concen-
tration of indicator red cells (i.e., 2 x 10 8/ml), or prolonga-
tion of the incubation time (60 min or more). The above modi-
fications may increase both specific and nonspecific binding, 
and, of course, this must be evaluated carefully in each system 
examined. 

EAC3d binds to cells bearing complement receptors, in par-
ticular the CR2 receptor. One must bear in mind that many dif-
ferent cell types have complement receptors. In normal lymph 
nodes and tonsils, EAC3d demonstrates conspicuous binding to 
lymphoid follicles and is a marker of complement receptor B 
lymphocytes. EAC3d does not bind well to interfollicular areas. 
In the spleen, EAC3d binds to lymphoid follicles of the splenic 
white pulp, but binds poorly to histiocytes in the splenic red 
pulp (Fig. 3 ) . The marginal zone of the spleen, an area popu-
lated by many cell types including B cells, T cells, and macro-
phages, binds EAC3d. 

III. RECEPTORS FOR C3b, C4b (CRl) BY USE OF EAC4b 

A. Introduction 

Since human C4b and C3b bind to the same complement recep-
tor (CRl) and no C3Bi or C3d is present on EAC4b, EAC4b is use-
ful as a highly specific indicator of CRl. Although EAC3b can 
be used to identify CRl, this reagent binds to Raji cells, 
probably via the C3d region within C3b, whereas EAC4b does not 
adhere to Raji cells (8) . 

EAC4b is prepared with human complement components and will 
bind to human CRl-positive cells but not to murine cells. 

B. Reagents 

Human Cl is prepared from fresh serum that should be chilled 
on ice and adjusted to pH 7.0 with 1 iVHCl. Dilute this serum 
1:3 with cold distilled water and stir for 30 min at 4°C. The 
euglobulin precipitate that forms contains Cl and is separated 
by centrifugation at 1000 g for 30 min at 4°C. Resuspend the 
pellet in five times the original serum volume of solution C 
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(Section II.B) diluted 1:15 in cold distilled water, centrifuge 
again under the same conditions, and discard the supernatant. 
Add 1/4 the original serum volume of ice cold solution C diluted 
1:2.5 in cold water. Stir for 15 min at 4°C, add an equal 
volume of water and solution B (Section II.B) to yield 1.0 ταΜ 
MgCl2 and 0.15 mW CaCl 2. The Cl may be stored in aliquots at 
-70°C or below. Alternatively, commercially available human Cl 
(Cordis Laboratories, Miami, Florida) may be substituted, al-
though the EAC4b prepared with this reagent are often less sen-
sitive. 

Human C4 is merely heat-inactivated (30 min, 56°C) normal 
human serum. Check the serum for its ability to agglutinate 
sheep E by incubating the undiluted serum with an equal volume 
of E (5%) for 30 min at 37°C. If agglutination occurs, the 
heat-inactivated serum should be absorbed on ice with approxi-
mately 1/10 the volume of packed sheep E by stirring for 15 min, 
removing red cells by centrifugation, and adding the serum for 
a second batch of red cells and repeating for a total of three 
absorptions. Care must be taken to maintain cold (0° - 4°C) 
temperatures throughout the procedure. 

To prepare EAC4b, add 50 yl of Cl (or 5000 U of Cordis Cl) 
to 1.0 ml of EA (2.5%) and incubate for 15 min at 37°C. Wash 
this EAC1 twice in 37°C prewarmed GVB and resuspend in 1.0 of 
GVB at 37°C. Divide this EAC1 into 0.2-ml aliquots and to each 
add 0.2 ml of successive doubling dilutions of C4 in GVB (un-
diluted to 1:16), incubate 15 min at 37°C and wash immediately 
(twice) in ice-cold GVB. Resuspend each to 1 ml and check each 
for binding to human E by incubating equal volumes of EAC4b 
and E (1%) 30 min at 37°C. The dilution of C4 yielding the 
maximum rosette formation is recorded and used to treat another 
batch of EAC1 to form optimal EAC4b. EAC4b is stored at 4°C 
and remains active for at least two weeks. EAC4b should be 
tested for specificity as outlined in Section II.B; EAC4b 
should bind to human E but not to Raji cells (Table I ) . Nega-
tive controls for EAC4b are EA and/or EAC1. 

C. Procedure (Same as for EAC3d; see above) 

D . Interpretation (Same as for EAC3d; see above) 

E. Critical Comments 

In normal tonsils and lymph nodes EAC4b binds to both lym-
phoid follicles and to interfollicular areas. Similarly, in 
the spleen, EAC4b binds to lymphoid follicles as well as the 
splenic red pulp. It is presumed that much of the binding to 
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the splenic red pulp is mediated via macrophages as well as 
granulocytes. In lymph nodes, binding of EAC4b occurs to his-
tiocytes in lymphoid sinuses. 

IV. RECEPTORS FOR C3b AND C3d BY USE OF FLUORESCENT BACTERIA-
COMPLEMENT (BC) 

Ά. Introduction 

Heat-killed-gram-negative bacteria will fix complement by 
the alternate pathway and can be used as indicators of comple-
ment receptors (12). Bacteria offer several advantages over 
conventional sheep EAC assays. First, no antibody is required 
to sensitize the cells, thus avoiding agglutination or binding 
to Fc receptors. Second, the complement-coated bacteria can 
be stored frozen at -20°C for use at a later date without loss 
of activity. Third, EAC made with sheep E could potentially 
bind to human T lymphocytes via the T cell sheep E receptor, 
whereas lymphocytes do not bind to the bacteria used in the BC 
assay. Fourth, the bacteria assays are generally more sensi-
tive than EAC rosettes, either because of their smaller size 
or a denser concentration of complement fixed to the bacterial 
surface. 

The bacteria are readily visible by phase microscopy and, 
when made fluorescent, can be used in two-color dual label as-
says and on frozen sections. 

B. Reagents 

Salmonella typhi 0901 (American Type Culture Collection, 
Rockville, Maryland) are inoculated onto trypticase-soy-broth 
(Difco, Detroit, Michigan) for 48 hr at 37°C, heat-killed at 
80°C for 60 min, checked for sterility, and washed in phosphate-
buffered saline (PBS, pH 7.4). The bacteria may be stored at 
-20°C in aliquots. 

Carbonate - bicarbonate buffer is prepared as follows: 

Solution A: Dissolve 12.12 gm anhydrous sodium carbonate 
in 1000 ml distilled water (0.12 M). 

Solution B: Dissolve 10.08 gm sodium bicarbonate in 1000 
ml distilled water (0.12 M). 

Add 4 ml solution A to 46 ml solution B and bring to 200 ml 
with water. Adjust final pH to 9.2 with 1 N NaOH. 

To label the bacteria fluorescently, dissolve 10 mg of 
either fluorescein isothiocyanate, isomer I (FITC) (Sigma, St. 
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Louis, Missouri) or tetramethyl rhodamine isothiocyanate (TRITC) 
(Cappel Laboratories, Downington, Pennsylvania) in 5 ml 
carbonate - bicarbonate buffer. Centrifuge out large, undis-
solved particles. Add the dissolved fluorescent dye to a 0.5-ml 
pellet of bacteria, mix well, and stir at room temperature for 
30 min. Wash in PBS until the supernatant is clear (usually at 
least 4 washes) and resuspend at 10^/ml in GVB. 

The complement source is fresh human or mouse serum. Human 
serum cannot be used to identify murine complement receptors. 
Sera should be checked for antibody activity directed against 
the bacteria by means of an agglutination assay in which equal 
volumes of undiluted serum and bacteria (10 /ml in GVB) are in-
cubated 30 min at 37°C. If agglutination occurs, chilled serum 
should be absorbed three times on ice with 1/10 the volume of 
packed heat-killed bacteria and rechecked for agglutination. 

To fix complement on the bacteria, pellet 1 ml (10) bacter-«' ̂  . 
remove the supernatant, add 1 ml human or mouse serum (1:5 in 
GVB), incubate 40 min at 37°C, wash three times in cold GVB and 
resuspend in 2 ml of GVB. These BC may be aliquoted and stored 
at -20°C. 

The specificity of the BC for CRl or CR2 is determined by 
their ability to bind to either human E or Raji cells. The pro-
cedure is similar to that described for the testing of speci-
ficity of EAC3d (see Section II.B). Equal volumes of BC 
(109/ml) and human E (1%) or Raji cells (4 x 106/ml) are incu-
bated rotating, for 30 min at 37°C and examined for binding. 
Cells with three or more adherent bacteria are considered posi-
tive. BC usually bind both human E and Raji and therefore have 
both C3b and C3d fixed to their surfaces. 

C. Procedure 

Tissue sections are prepared as described above. The frozen 
sections are incubated with BC for 30 min at room temperature. 
A range of concentration (usually 10^ - 10 1 BC/ml) should be 
tested to determine optimal binding. After incubation the sec-
tions are washed by gentle agitation and immersion in phosphate-
buffered saline. The sections are fixed with an appropriate 
fixative and examined by fluorescent microscopy. Although lysis 
of reagent red cells is not a factor with the BC technique, care 
must be taken to choose a fixative that is not autofluorescent. 
Thus, the aldehyde fixatives suitable for the red cell assays, 
are not suitable for the fluorescent-bacterial assays. Methanol 
or acetone are generally accepted fixatives for this assay. 
The sections are coverslipped using buffered glycerol as a 
mounting medium. 
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D. Interpretation 

The frozen sections are examined by fluorescent microscopy 
with appropriate excitation and suppression filters. We have 
used a Leitz Orthoplan microscope equipped with an Osram HBO 
100-W mercury lamp, a Ploem vertical illuminator, and filter 
combinations specific for each fluorochrome (fluorescein: 
450 - 490 nm excitation, 515 nm suppression, and rhodamine 
530 - 560 nm excitation, 580 nm suppression). 

Appropriate controls for the BC assay include bacteria 
without added complement source. Heat-inactivated serum may 
also be used. 

E. Critical Comments 

Since BC usually bears both C3b and C3d, many cell types may 
be simultaneously identified as complement receptor bearing 
cells. BC adheres to lymphoid follicles as well as to the red 
pulp of spleen and medullary cord areas of lymph nodes. It 
must be recognized that BC is not specific for complement re-
ceptor subtypes as are EAC3d and EAC4b. 

When performing the frozen section assay, care should be 
taken to wash off thoroughly unbound BC. This is especially 
critical when high concentrations (10l0/ml) of bacteria are 
used. 

V. RECEPTORS FOR C3d BY USE OF BAC 

A. Introduction 

The bacteria antibody complement (BAC) complex was first 
described by Gormus et al. (13). The reagent is apparently 
specific for binding to CR2 only (14). Presumably, C3b is 
completely cleaved to C3d on BAC, whereas C3b is retained on 
BC. 

B. Reagents 

Salmonella typhimurium (American Type Culture Collection, 
Rockville, Maryland) is used for the BAC assay. The bacteria 
are cultured and heat killed as for S. typhi. To produce 
antiserum to S. typhimurium, a 1-ml emulsion of Freund's com-
plete adjuvant (Difco, Detroit, Michigan) containing 109 bac-
teria is injected subcutaneously in New Zealand white rabbits. 
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Serum obtained one to two weeks following a single injection 
usually contains antibody to S. typhimurium only of the IgM 
class. Antiserum (heat-inactivated) can then be used to sen-
sitize the bacteria by incubating equal volumes of bacteria 
(lO^/ml in GVB) and antiserum (1/2 the minimum agglutinating 
concentration) for 30 min at 37°C· The antibody-sensitized 
bacteria (BA) are washed three times in GVB and brought to 
10^/ml in GVB and incubated with an equal volume of fresh 
mouse (AKR) serum (1:10 in GVB) for 40 min at 37°C. BAC are 
washed three times in cold GVB and resuspended to a final con-
centration of l O v m l in GVB. Negative controls consist of the 
substitution of heat-inactivated AKR serum for fresh serum. 

Binding of BAC to human E and Raji cells is carried out as 
for BC. BAC are usually immune adherence negative (fail to 
bind to human E) but readily bind to 95 - 100% of Raji cells. 

C. Procedure 

Tissue sections are prepared as above. Incubation is per-
formed with BAC as described for BC. 

D. Interpretation 

Sections incubated with BAC are examined as described in 
Section IV.D. 

E. Critical Comments 

BAC bear fixed C3 in the form of C3d but not C3b. They 
readily adhere to Raji cells, but fail to adhere to human 
erythrocytes bearing the CRl receptor. In frozen sections of 
lymphoid tissues, BAC demonstrates a similar pattern of bind-
ing to that of EAC3d. 

VI. RECEPTORS FOR Fc BY USE OF IgG EA 

A. Introduction 

Receptors for the Fc portion of IgG have been demonstrated 
on human monocytes (15), granulocytes, and subpopulations of 
lymphocytes (16). Rosette assay systems have been applied to 
cells in both suspension and frozen sections. The rosette as-
says are less sensitive than other systems using fluorescein-
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ated heat-aggregated human IgG or fluoresceinated soluble 
antigen-antibody complexes· However, they offer greater spe-
cificity and appear to identify a different Fc receptor than 
that detected by the more sensitive assays (17, 18). Thus, 
the rosette assays are preferable for the detection of Fc re-
ceptors on mononuclear phagocytes that readily bind these 
reagents. 

Erythrocytes from various species have been used as indi-
cator particles. Antisera against sheep E are readily avail-
able (19); however, a disadvantage of this red cell source is 
that they may interact with human T lymphocytes via the sheep 
red blood cell receptor. Human Eh+ erythrocytes sensitized 
with an anti-CD antiserum also have been used (16)# In our 
laboratory we currently use ox (bovine) erythrocytes sensitized 
with the IgG fraction of a rabbit-antibovine erythrocyte anti-
serum. Advantages of this system include: (1) the absence of 
a receptor for bovine erythrocytes on human cells, and (2) the 
reduced agglutinability of bovine erythrocytes. This latter 
feature enables one to sensitize highly the erythrocytes with-
out agglutination of the reagent, thus increasing the sensi-
tivity of the system. This is a particular advantage in deal-
ing with frozen sections. 

B. Reagents 

Bovine erythrocytes are obtained in Alsever's solution and 
stored up to two weeks. For use, prepare as described above 
(Section II.B) for sheep E. Wash three times in GVB and bring 
to a final concentration of 5% v/v. 

The IgG fraction of rabbit antibovine erythrocytes is 
available from Cappel Laboratories, Dowingtown, Pennsylvania. 
The titer of the antibody to be used for sensitization of E is 
one-half the minimum hemagglutinating concentration. This is 
determined by adding equal volumes of 5% E in GVB to serial 
double dilutions of the antibody in GVB (usually a range from 
1:2 to 1:1024). Incubate 30 min at room temperature without 
rotation and check for agglutination with a microscope. This 
titer must be determined for each new batch of either antibody 
or E. 

If agglutination does not occur or occurs at only very high 
concentrations (1:2), the activity of the antibody may be 
checked by adding guinea pig complement to the sensitized 
erythrocytes. The degree of hemolysis can be determined spec-
trophotometrically by comparison with a standard of 100% hemo-
lysis prepared with the same concentration of erythrocytes and 
distilled water. The concentration of guinea pig serum (usual-
ly 1:150) is chosen to produce partial lysis of the cell sus-
pension at all antibody concentrations. The detailed protocol 
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for selection of the appropriate antibody concentration has 
been previously described (9). 

To prepare IgGEA, combine equal volumes of 5% E in GVB with 
the antibody at the appropriate concentration, incubate 30 min 
at 37°C, wash three times in GVB, and resuspend in GVB to 1% 
v/v. EA should be stored at 4°C and is good for one week. Note 
that although EAC3d and EAC4b are usually used at 0.5%, we have 
found 1.0% to be a preferable concentration for IgGEA, both for 
suspension and frozen sections. 

C. Procedure (Same as for EAC3d; see above) 

D. Interpretation (Same as for EAC3d; see above) 

Uncoated erythrocytes (E) or IgMEA may be used as appro-
priate controls. 

Em Critical Comments 

Although many different cell types may bear receptors for 
the Fc portion of IgG, there are considerable differences in 
receptor avidity among various cell types. B lymphocytes have 
Fc receptors of relatively low avidity and will not bind IgGEA, 
either in suspension or in frozen sections, using conventional-
ly prepared reagents. IgGEA binds to mononuclear phagocytes in 
frozen sections. In lymph nodes, binding is most readily ob-
served to histiocytes in lymphoid sinuses. In spleens, there 
is binding to macrophages of the splenic red pulp and marginal 
zones (Fig. 3 ) . The hanging drop technique offers greater sen-
sitivity and should be used whenever cell density is low. 

A factor that may interfere with binding of IgGEA to macro-
phages is the presence of immune complexes bound in the in vivo 
state. In states associated with circulating immune complexes, 
receptors on macrophages may be occupied and a negative result 
will be observed after incubation with IgGEA. This appears to 
be more often a problem with the frozen section assay, rather 
than the same rosette assay performed in suspension. A likely 
explanation of this discrepancy is the limited sensitivity of 
the frozen section assay, perhaps as a consequence of the 
limited exposure of the cell membrane to the reagent. The 
presence of complexes bound in vivo may be determined in part 
by staining for IgG with fluorescein-conjugated anti-IgG anti-
sera. 
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VII. CONCLUDING REMARKS 

The techniques described in this chapter can be used to 
identify cells bearing Fc and C receptors in frozen tissue 
sections. Although macrophages are, of course, not the only 
cell types to bear these receptors, their avidity, particularly 
for IgGEA, renders them more readily identifiable by these 
techniques. Other techniques also applicable to use on frozen 
sections include histochemical, immunohistochemical, and im-
munofluorescence methodologies. Histochemical stains for non-
specific esterases, acid phosphatases, and other lysosomal 
enzymes are useful in identifying mononuclear phagocytes (20). 
Immunohistochemical techniques for the identification of lyso-
zyme (21), and perhaps other constituents of macrophages are 
a more recent addition to the armamentarium of the experimental 
pathologist and immunologist. Finally, the application of both 
heteroantisera (22) and, more recently, monoclonal antisera 
(23, 24) against antigenic constituents of macrophages provide 
another alternative for the identification of these cells in 
tissue sections. These various techniques should not be viewed 
as substitutes, but rather as complimentary approaches that 
should be used in conjunction with each other and with other 
techniques applied to cell suspensions. 
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