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HETEROANTISERA RAISED AGAINST MONONUCLEAR PHAGOCYTES 
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INTRODUCTION 

The use of highly specific alloantisera has provided a 
powerful tool to dissect both the differentiation pathways and 
heterogeneity of thymus and bone marrow-derived lymphocytes. 
Antisera of appropriate macrophage specificity would be of 
value in specific in vivo depletion of macrophages, in analyzing 
the relationship of various macrophage functions to cellular 
heterogeneity, and in determining the membrane events and bio-
chemical requirements for macrophage differentiation and activa-
tion. Unfortunately, the production of alloantisera to macro-
phage differentiation antigens has been generally unsuccessful 
with only a single mouse alloantigen, Mph-1, having been des-
cribed by Archer and Davies (1). More recently, Springer et al. 
(2) have described a purported macrophage differentiation anti-
gen (Mac-1) identified by a monoclonal rat-mouse hybridoma. 
However the antigen was also present on neutrophils and 44% of 
bone marrow cells, suggesting a broad specificity range. Other 

METHODS FOR STUDYING Copyright © 1981 by Academic Press, Inc. 
MONONUCLEAR PHAGOCYTES 2 9 5 All rights of reproduction in any form reserved. 

ISBN 0-12-044220-5 



296 METHODS FOR STUDYING MONONUCLEAR PHAGOCYTES 

monoclonal antibodies against mononuclear phagocytes are being 
developed in other laboratories (2a). 

While, unquestionably, the future development of specific 
antimacrophage antibodies rests within hybridoma technology, 
several xenoantisera have been described that identify both 
serologically and biochemically macrophage-specific antigens. 
Stinnertt et al. (3, 4) described a mouse macrophage antigen, 
detected by an extensively absorbed rabbit antimouse macrophage 
serum. This antigen (MSMA) was shown to have a molecular weight 
of 83,000 in ^-25I-radiolabeled mouse peritoneal macrophage mem-
brane extracts and was present on normal, elicited, and "acti-
vated" peritoneal macrophages, a mouse macrophage cell line 
(P388D]_) , and exhibited some cross-reactivity with peritoneal 
macrophages from closely related species (rats and hamsters). 
More recently, Kaplan et al. (5, 6) have described a cell sur-
face antigen (AM0CSA) associated with "activated" macrophages 
that could be induced in vivo on murine peritoneal macrophages 
by pyran copolymer or Corynebacterium parvum but not by glyco-
gen or thioglycollate. The induction of AM0CSA by a series of 
C. parvum vaccines correlated with the ability of the vaccines 
to induce (1) regression of a methylcholanthrene fibrosarcoma 
when inoculated intralesionally; (2) splenomegaly; and (3) peri-
toneal macrophages cytotoxic to tumor cells in vitro, suggesting 
a relationship between AM0CSA induction and the functional acti-
vation of macrophages. These observations suggest that xeno-
antisera directed against specific macrophage membrane antigens 
may be useful in elucidating structure - function relationships 
with regard to a number of macrophage activities. While it is 
generally easy to prepare xenoantisera with antimacrophage ac-
tivity, extensive absorptions are required to render such sera 
macrophage specific and it is difficult to produce large quan-
tities of absorbed material. 

II. MATERIALS 

A. Antiserum Production 

Adult rabbits 3 - 4 kg weight 
Mice 
Mouse peritoneal macrophages or appropriate cell lines with 

macrophage characteristics 
Hanks' balanced salt solution (HBSS) and RPMI-1640 media 
Syringes, 5 and 10 ml, and needles, 20- and 25-gauge 
Centrifuge tubes 
Petri dishes, 100 x 15 mm (Falcon) 
Ammonium sulfate or sodium sulfate 
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Glycogen (type II from oyster, Sigma G-8751, Sigma 
Chemical Co., St. Louis, Missouri) 

Thioglycollate (Brewer's thioglycollate, Difco Laboratories, 
Detroit, Michigan) 

Fetal calf serum 
Pyran copolymer (lot XA124-177, Hercules, Inc., Wilmington, 

Delaware) 
Corynebacterium parvum (Burroughs-Wellcome-, Research 

Triangle, North Carolina) 

B. Antiserum Assay 

Terasaki plates (microtest plate, Falcon No. 3034, Falcon 
Plastics, Bio Quest, Oxnard, California) 

Rabbit complement (Low Tox-H, pretested, No. ACL3331, 
Accurate Chemical and Scientific Corp., Hicksville, New York) 
(Note: Absorption of even the Low Tox complement with pooled 
spleen cells and agarose is frequently helpful in reducing the 
background.) 

Trypan Blue 
Barbital buffer with 2% EDTA, pH 7.0 - 7.4 (Barbitone 

C.F.T. Diluent, K-C Biologicals, Lenexa, Kansas) 
Paraffin Oil (S894, J. T. Baker Chemical Co., Phillipsburg, 

New Jersey) 
Lidocaine hydrochloride (Xylocaine, Astra Pharmaceutical 

Co., Worcester, Massachusetts) 
Sodium azide 
Seakem Agarose (Pacific Biomarine, Venice, California) 
Fluorescein isothiocyanate-conjugated goat antirabbit IgG 

[F(ab)2 fragments] 
Fluorescent microscope 
Pooled cells for absorption (mouse erythrocytes, thymus 

cells, and P388 leukemia cells) 

III. PROCEDURES 

A. Preparation of Cells for Inoculation 

Peritoneal exudate cells (PEC) are obtained from mice 4 - 5 
days after ip inoculation of glycogen (0.5 ml/mouse of a 2.5% 
solution) or thioglycollate (1 ml/mouse of a 10% solution) and 
7 days after ip inoculation of pyran copolymer (25 mg/kg in 
0.2 ml) or C. parvum (17.5 mg/kg in 0.2 ml) by washing the 
peritoneal cavity twice with 4 ml of RPMI-1640 or HBSS. (We 
do not routinely use heparin in the wash fluid but 10 U of 
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preservative free heparin frequently reduces clotting.) The 
PEC are pooled in 50 cc plastic centrifuge tubes and collected 
by centrifugation at 200 g for 10 min, washed twice with HBSS, 
and resuspended in RPMI-1640 with 20% FCS. Recent reports (7) 
and our own experience suggest that lower concentrations of 
FCS (1%) may be more effective for the initial adherence step. 
To obtain peritoneal macrophages (PEM), 4 x 10^ PEC are incu-
bated in plastic petri plates (100 x 15 mm) for 2 hr at 37°C in 
5% CO2. Nonadherent cells are washed off exhaustively with 
RPMI-1640 and adherent PEM removed from the plates by gently 
scraping with a rubber policeman. The cells are centrifuged 
at 500 g for 10 min, washed twice with HBSS, and resuspended 
in HBSS for inoculation. Generally, greater than 95% of the 
adherent cells phagocytosize latex particles and are esterase 
positive (8). Alternatively the peritoneal macrophages may be 
cultured in vitro for varying lengths of time to allow differ-
entiation to occur and to allow weakly adherent cells to be-
come dislodged. The macrophage cell line, P388D-L, is maintained 
in spinner flasks in either Eagle's minimum essential medium or 
RPMI-1640 supplemented with 20% FCS, 2 mM glutamine, and con-
taining 100 U of penicillin and 100 yg streptomycin at 37°C in 
5% CO2. The cells are centrifuged at 200 g and washed three 
times with HBSS before use for inoculation. 

B. Preparation of Antiserum 

Xenogeneic rabbit antimacrophage serum is prepared by in-
oculating rabbits iv into an ear vein with varying concentra-
tions (usually between 2 x 107 and 108 cells in 1 ml) of PEM 
or P388D-L cells at varying intervals over a one-year period. 
In some immunizations the primary inoculation is given multi-
site subcutaneously in an equal volume of complete Freund1s 
adjuvant. Rabbits are bled from the ear artery for 30 to 50 ml 
of blood 7 to 10 days after inoculation of cells, generally 
starting after the second inoculation. Antisera are tested for 
their cytotoxic activity against PEM or P388D^ targets and those 
sera with high cytotoxic titers subjected to absorption and 
further analysis as outlined below. In general, there is a 
great deal of variation among rabbits both with respect to the 
final cytotoxic titer of an antiserum and the kinetics of the 
development of antibody. 

The blood is allowed to clot at room temperature for one 
hour and kept at 4°C overnight. After centrifugation, the im-
mune serum is collected and heat inactivated at 56°C for 30 to 
45 min. γ-Globulin is precipitated from the serum with either 
14% Na2S04 or 33% (NH4)2S04. Crystalline Na2S04 (14 gm/100 ml) 
is added slowly (over 20 min) to the serum at room temperature 
with gentle stirring with a magnetic stirring bar. When the 
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NanSO^ is dissolved, the precipitated γ-globulin is recovered 
by centrifugation at 5000 g for 30 min at room temperature and 
the precipitate dissolved in a volume of deionized H20 equal 
to approximately 20% of the initial volume. The precipitation 
is repeated with 14% Na2SC>4 (w/v) and the final precipitate 
dialyzed for 24 to 48 hr at 4°C against a minimum of four 
changes of 0.15 M, pH 7.2 phosphate buffered saline. The pro-
cedure with (NH4>2S04 is carried out in a similar fashion ex-
cept that a saturated solution of (NH4)2SC>4 is added to the 
serum to achieve a final concentration of 33% (v/v). 

C. Absorptions 

Unabsorbed antisera generally have binding and cytotoxic 
activity against PEC, thymocytes, spleen cell suspensions, bone 
marrow cells, and most mouse cells tested. Regardless of which 
cell population is used for immunization, (PEM or P388D^), ab-
sorption of cytotoxic antibody directed to either thymus cells 
or nonadherent peritoneal exudate cells appears to be most ef-
fectively removed with thymocytes. After a series of absorp-
tions, the sera are tested for cytotoxic antibody against the 
P388D^, thymus cells, and PEC. All screening of the serum for 
cytotoxic activity during the absorption process is done by the 
Amos two-stage technique to conserve serum (9). The absorptions 
are carried out until the sera are negative by cytotoxicity for 
thymus cells, nonadherent PEC, and/or spleen cells. 

Absorptions are carried out by incubating approximately 1/3 
ml of packed, washed mouse erythrocytes with 1 ml of dialyzed 
γ-globulin for 30 to 45 min at 4°C. The absorbing cells are re-
moved by centrifugation at 300 g for 10 min at 4°C. Erythrocyte 
absorption is generally carried out until all hemagglutinating 
activity is removed. (Note: the buffy coat should be carefully 
removed from the packed erythrocytes before being used for ab-
sorption.) After completion of erythrocyte absorption, the 
serum is absorbed with packed, washed thymus cells using the 
same procedure as described for erythrocytes. In preparation 
of the thymus cells, care must be taken not to include parathy-
mic lymph nodes. In our hands, rabbit antimouse macrophage sera 
prepared against any of the cells outlined above have required 
between 20 and 40 absorptions with thymus cells before they are 
macrophage specific. This has also been true of sera from rab-
bits immunized with the P388D^ macrophage cell line where there 
are no contaminating lymphocytes. 

To make an antiserum to the macrophage-specific activation 
antigen, rabbits should be inoculated with either P388D-L cells 
or pyran or C. parvum-activated PEM. Absorption to achieve a 
macrophage-specific antiserum is carried out as described 
above. Generally, two absorptions with 108 normal PEC are suf-
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ficient to remove the antimacrophage activity from 1 ml of 
macrophage-specific γ-globulin, however this will vary with the 
titer of the antiserum. These absorptions are carried out at 
4°C for 30 to 45 min as described above. (Note: care should 
be taken to ensure that the source of normal PEC is from non-
infected mice so that their PEM are not already activated.) 

D. Assay of Antimacrophage and Antiactivated Macrophage 
Antiserum 

Target cells for analysis by either cytotoxicity or immuno-
fluorescence are prepared as described above except that the 
washed cells are resuspended in HBSS with 5% FCS previously ab-
sorved with mouse spleen cells (AFCS). Target cells have in-
cluded thymus cells, nonadherent spleen cells, nonadherent PEC, 
total PEC, adherent PEC, and various macrophagelike cell lines. 
While it is usually sufficient to scrape off gently adherent 
macrophages for inoculation into rabbits, this procedure pro-
vides cells of poor viability that are not optimal for use in 
cytotoxicity assays. Therefore, when purified PEM are required 
for analysis, they are removed from plates after adherence puri-
fication by treatment with 12 mM lidocaine (10). Medium is as-
pirated from the adherent macrophage culture and replaced with 
a sufficient volume of RPMI-1640 with 10% FCS and 12 mM lido-
caine to cover the plate. The plates are allowed to incubate 
at room temperature for 5 to 10 min after which the cells are 
dislodged by several jets of medium from a syringe. The cells 
are washed twice and resuspended in HBSS with 5% AFCS. Viabili-
ty is determined by trypan blue dye exclusion and is generally 
greater than 90%. When unseparated PEC rather than adherence-
purified PEM are used for immunofluoréseenee or cytotoxic as-
says, the plateau level of percentage positive fluorescent cells 
or percentage cytotoxicity reflects the content of macrophages 
in the PEC and may vary from 40 to 80%, depending on whether or 
not the PEC are from normal mice or from mice induced with 
agents like thioglycollate, pyran, etc. 

Cytotoxicity testing is performed by a standard Amos two-
stage technique in order to conserve reagents (9). Briefly, 
1 yl of target cells (10^/ml) is added to 1 yl of antiserum in 
microtest plates and incubated at room temperature for 30 min. 
The wells were washed with medium and 5 yl of appropriately ab-
sorbed (see below) rabbit complement are added. Incubation is 
continued for an additional 60 min, then 0.3% trypan blue in 
1% EDTA-barbital buffer is added to stop the reaction. After 
10 min, the trays are flicked and wells filled with barbital 
buffer (pH 7.4). Percent cytotoxicity is determined under an 
inverted phase contrast microscope. 

Alternatively, cytotoxicity is measured in 10 x 75 mm tubes 
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using 0.1 ml of target cells at 10/ cells/ml, and varying dilu-
tions of 0.1 ml of antiserum. Incubation is carried out at 
room temperature for 30 min after which the cells are centri-
fugea at 500 g for 10 min, washed once with HBSS, and resus-
pended in a final volume of 0.3 ml prescreened, low-toxicity 
rabbit complement absorbed with mouse spleen and/or thymus 
cells and 80 mg agarose per ml of complement (11). (Note: 
agarose-absorbed complement cannot be refrozen without loss of 
activity.) The cells are then incubated at 37°C for 45 min and 
percent cytotoxicity determined with trypan blue at a final con-
centration of 0.2%. 

Indirect immunofluorescence is performed using fluorescein 
isothiocyanate-conjugated antirabbit IgG F(ab)2 fragments ab-
sorbed with P388Di cells or mouse spleen cells. The assay is 
carried out at 4°C in HBSS with 5% AFCS and 0.1% sodium azide. 

IV. CALCULATION AND INTERPRETATION OF DATA 

The production of antimacrophage sera by this technique is 
laborious, expensive, and time-consuming; however, if adequate 
absorptions are carried out, a useful, specific reagent can be 
derived. The minimum number of absorptions with thymus cells 
that we have found sufficient to render a xenogeneic rabbit 
antimouse macrophage serum specific for macrophages is 20 and 
frequently over 40 absorptions are required. Sera produced by 
this procedure frequently have 50% cytotoxic titers in the 
range of 1 : 80 to 1 : 320. The specificity of antimacrophage 
sera have been verified both serologically and biochemically 
with NP-40 extracts of ^2^I-labeled macrophage membranes in an 
SDS-polyacrylamide gel electrophoresis system (3). The speci-
ficity of antiactivated macrophage membrane antigen antiserum 
has been verified serologically and indirectly by correlation 
with the functional properties of macrophages. Numerous at-
tempts to precipitate membrane antigens specific to activated 
macrophages from cells labeled with l25i or cells cultured 
with labeled amino acids have been unsuccessful. Problems fre-
quently arise in the cytotoxicity and indirect immunofluores-
cence assays when reagents are not adequately absorbed or when 
target cell viability is less than 90%. Also, sera should be 
stored in small aliquots and not thawed and refrozen unless ab-
solutely necessary. Absorptions work more effectively when 
carried out in small volumes (less than 1 ml). 
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V. CRITICAL COMMENTS 

It is not unrealistic to expect to be able to obtain limited 
quantities of macrophage specific antiserum by these methods. 
Using these techniques, we have recently produced two rabbit an-
tihuman macrophage antisera that can differentiate between human 
monocytes and splenic and/or peritoneal macrophages (lla,b). 
The antisera must be assessed rigorously and quantitative ab-
sorptions are valuable in differentiating between varying anti-
gen density on cell types as opposed to the absence of an anti-
gen. 

Several alternative approaches for producing specific anti-
macrophage serum are currently under investigation. The use of 
rats to produce antimouse macrophage serum may provide sera 
with greater specificity and requiring less absorption due to 
the phylogenetic relationship of mice and rats. Preliminary 
attempts by Archer and Davies (1) at producing macrophage-
specific alloantisera were promising and, based on analogy to 
lymphocyte alloantigens, this would seem to be a potentially 
productive avenue, particularly with the use of macrophagelike 
cell lines as immunogens. Lastly, the use of rat lymphocyte-
mouse myeloma hybrids would appear to provide the most promising 
method for producing monoclonal-specific antiserum to the anti-
gens associated with various subclasses and/or maturation states 
of the monocyte macrophage series. This approach has recently 
been used by Unkeless (12) to produce a monoclonal antibody to 
the trypsin-resistant macrophage Fc receptor that is specific 
for immune aggregates of mouse IgG-L and IgG2k-
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