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The extent of Mac-1 expression by different macro-
phage populations and tissues has been examined and
contrasted to that of la. Mac-1 is expressed on >86% of
unelicited peritoneal macrophages as well as on macro-
phages elicited by thioglycollate, Con A, LPS, Listeria
monocytogenes, or peptone, as determined by immuno-
fluorescent flow cytometry analysis. All populations ex-
press similar quantities of Mac-1/cell. The number of '?*|-
M1/70 MAb bound per thioglycollate-elicited macro-
phage is 1.6 x 10° at saturation. Immunoprecipitation
from 35S-methionine labeled cells confirmed that macro-
phages elicited by diverse agents contain similar
amounts of Mac-1 polypeptides of 170,000 and 95,000
M.. In contrast, the amount of la antigen in Con A- or
Listeria-elicited macrophages is much higher than in une-
licited macrophages or macrophages elicited by LPS or
thioglycollate. Mac-1 is thus a general marker for mac-
rophages elicited by different means, even though the
macrophages differ widely in functional activities and in
la antigen expression. Tissue absorption studies show
that the amount of Mac-1 expressed by spleen and bone
marrow is 5 and 7% that of thioglycollate-elicited perito-
neal exudate cells (PEC), respectively. Lung and liver
weakly ‘absorb '2°I-M1/70 whereas heart, kidney, and
brain are not absorptive. When used in indirect immuno-
fluorescent staining of frozen spleen sections, M1/70
intensely stains cells with macrophage morphology in
splenic red pulp and marginal zone, but not the T-de-
pendent areas of white pulp.

Mac-1 is a mouse macrophage cell surface antigen defined
by the M1/70 rat anti-mouse monocional antibody (MAD).*
Immunofluorescent flow cytometry analysis shows that Mac-1
is expressed abundantly on thioglycollate-elicited peritoneal
macrophages and in lesser amounts on blood monocytes,
granulocytes, 8% of spleen cells, and 50% of bone marrow
cells (1). M1 /70 also stains murine natural killer (NK) cells (2).
Mac-1 is not present on thymocytes or peripheral lymph node
cells. Mac-1 is expressed on the P388D,; macrophage-like cell
line but not on B or T lymphoid cell lines. Immunoprecipitation
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of '?%|-labeled macrophage cell surface proteins shows that
Mac-1 contains polypeptide chains of 170,000 and 85,000 M,.
An antigen defined by the 1.21J MAb has a similar if not
identical biochemical structure and cellular distribution (3). In
humans, M1/70 cross-reacts with an antigen expressed on
blood monocytes and in lesser amounts on granulocytes and
NK cells (4). Thus, the distribution in mouse and human is quite
similar.

The above studies suggested that Mac-1 might be of general
use in distinguishing macrophages from T and B lymphocytes.
However, the only type of murine macrophages previously
examined for Mac-1 expression were those elicited by thiogly-
collate. Furthermore, recent studies with monoclonal anti-
bodies have emphasized the diversity of macrophage cell sur-
face phenotypes. Thus, the Mac-2 antigen is expressed on
thioglycollate-induced macrophages but not on L. monocyto-
genes-induced or resident macrophages (5). The 54-2 antigen
is expressed on thioglycollate-induced and bone marrow-cul-
tured macrophages but not on blood monocytes or resident
macrophages (8). For a marker to be of general use for distin-
guishing macrophages from iymphocytes, it should be present
on all macrophages, independent of the differentiative signals
to which they have been exposed. Characterization of the
distribution of Mac-1 on different types of macrophages is also
important in assessing possible relationships to previously de-
scribed macrophage cell surface receptors, ectoenzymes, and
functional activities.

Therefore, in this paper the expression and structure of Mac-
1 on peritoneal resident macrophages and on macrophages
elicited by differnt agents have been examined by immunoflu-
orescence, quantitative site number determination, and immu-
noprecipitation. The expression of Mac-1 has been compared
to that of la, which shows differential expression on macro-
phages depending on the eliciting agent (7). We have also
examined by absorption the tissue distribution of Mac-1 and
have used immunofluorescence to localize Mac-1-bearing cells
in spleen sections. The results show that Mac-1 is expressed
on all types of macrophages examined, validating the use of
Mac-1 as a general marker for distinguishing macrophages
from lymphocytes and suggesting that it must have a general-
ized role in macrophage function. Mac-1 expression cannot be
detected in lymph node cells or in the periarteriolar lymphoid
sheath region of spleen but is found in the marginal zone and
red pulp. The resuits also show that Mac-1 is synthesized by
macrophages and is present on the cell surface in sufficient
quantity for biochemical purification and characterization.

MATERIALS AND METHODS

Hybridoma lines and monocional antibodies. M1 /70 is a subcloned rat
spleen cell X NSI hybridoma line that secretes an 1IgG2b MAb containing
only specific heavy and light chains (8). Purified MAb from spinner culture
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supernatant was prepared by (NH.).SO, precipitation and DEAE and Seph-
adex G-200 chromatography as previously described (4).

Cell preparation. Male C57 /BL6 mice (Jackson Laboratory, Bar Harbor,
ME), 8 to 16 wk of age, were used in most experiments. Peritoneal exudates
were obtained after i.p. injection of one of the following reagents: 1.5 ml
Brewer's thioglycollate; 1.5 ml 10% protease peptone; 40 ug Salmonella
typhosa LPS (Westphal) (all 3 reagents were from Difco Laboratories,
Detroit, MI); 15 ug concanavalin A (Sigma Chemicals, St. Louis, MO); or 2
X 10° live Listeria monocytogenes organisms (the kind gift of Dr. Emil
Unanue). The time of treatment was usually 4 days for thioglycollate and 3
days for the others. Cells were harvested in PBS containing 10 U/ml
heparin (Sigma). For immunofluorescent studies of glass-adherent macro-
phages, cells were resuspended to 2 X 10%/ml in RPMI 1640 supplemented
with 10% FCS and 10 mM HEPES.* Cells (1 ml) were incubated in 16-mm
culture wells (Costar, Cambridge, MA) containing a 12-mm round cover siip
(Belico Glass, Vineland, NJ) for 2 hr at 37°C. They were then processed
according to the procedures of Beller et al. (7).

Tissue absorption studies. Lung, liver, brain, heart, and kidney from
freshly sacrificed animals were homogenized between the frosted ends of
2 glass slides. Large fragments were removed by 1 X G sedimentation for
3 min, and the homogenate was washed twice in PBS by centrifugation at
2000 x G for 15 min. Lymphoid organs, such as spleen, thymus, peripheral
lymph node, and bone marrow from femurs were teased with forceps. The
resulting cells and tissue clumps were washed twice in PBS before use. All
procedures were carried out at 4°C. Aliquots of tissues were assayed for
protein by the method of Lowry.

Limiting concentrations of 2% M1/70 MAb (determined by titrating a
constant number of cells with increasing concentrations of antibody) were
mixed with equal volumes of 5-fold diluted tissues in 96-well microtiter
plates. PBS was used as the negative tissue control. After shaking at 4°C
for 1 hr, and centrifuging at 2000 X G for 15 min, the residual antibodies
were recovered from the supernatant. Ten microliters of the absorbed
antibody were added to 2 X 10° thioglycollate-elicited PEC in 50 ul PBS,
10% BSA, and 4 mg/ml human IgG. After being shaken for 1 hr at 4°C, the
cells were washed 4 times with 0.01 M Tris HCI, pH 7.4, 0.14 M NaCl, and
1% horse serum and were gamma counted.

Site number estimation. Purified M1 /70 MADb (0.1 mg/ml) was iodinated
with 0.5 to 1.0 mol carrier-free '2°1 per mol protein, using 1,3,4,6-tetra-
chloro-3,6-diphenylglycoluril and the methods of Fraker and Speck (9),
except that the reaction was terminated by transfer to fresh tubes containing
20 pl of 0.4 mg/ml L-tyrosine.

Thioglycollate-elicited peritoneal exudate cells (PEC; 20 ul, 107 /ml) were
mixed with 80 ul of '?°I M1/70 at varying concentrations. The amount of
binding was determined after shaking 1 hr at 4°C as described in tissue
absorption studies. Binding of '?°1 M1/70 to PEC is specific because it is
inhibitable by the presence of unlabeled M1/70.

immunofiuorescent flow cytometry. Cells (50 ul, 2 X 107/ml} were
incubated with equal volumes of MAb-containing spent culture supernatants
for 30 min, or with control M1 /69 HK supernatant or NS| supernatants plus
50 ug/ml normal rat IgG. The cells were washed 3 times and resuspended
in 50 ul of affinity-purified FITC-rabbit (Fab’). anti-rat IgG, absorbed with
mouse IgG (diluted to 60 pg/mi in L15 medium; fluorescein/protein, 19 ug/
mg), for 30 min. After another 3 washes, the cells were analyzed on a
Becton Dickinson FACS-Il using glutaraldehyde-fixed sheep red cells as
standards. All procedures were carried out in L15 medium + 0.5% BSA
+ 10 mM HEPES + 11 mM glucose at 4°C. During the second-stage
incubation and subsequent washes, 0.01 M sodium azide was included in
the medium to prevent patching.

Determination of fluorescence intensity and its linear relation to antigen
sites/cell has previously been described in detail (9A). The mean channel
number of positive cells and control, unlabeled, cells was determined by
integration and was converted to fluorescence intensity with a calibration
curve of glutaraldehyde-fixed sheep red blood celis at different gain settings.
Control fluorescence intensity was subtracted to obtain the mean specific
fluorescence intensity.

Internal labeling and immunoprecipitation. For biosynthetic labeling, 107
peritoneal exudate cells were plated on tissue culture flasks and incubated
18 hr at 37°C unless otherwise specified. Nonadherent cells were washed
off, and adherent cells were labeled with 200 uCi L->*S-methionine (New
England Nuclear) in 1 ml of methionine-free DME supplemented with 10%
dialyzed FCS for 6 hr. Subsequently, the adherent monolayer was washed
3 times in PBS and was detergent solubilized. After centrifugation at
100,000 x G for 1 hr, the supernatant was recovered. Immunoprecipitation
and SDS-PAGE were carried out as described (10).

tmmunofiuorescent staining of spieen sections. Fresh spleens from male
BALB/c mice were frozen in OCT compound (Ames Co., Div. of Miles
Laboratories, Elkhart, IN). Sections of 3 pm were cut and stored at —35°C
for up to 2 wk. Sections were thawed, fixed in acetone for 15 min, and
washed twice in PBS. Subsequently, they were stained with 40 ul of anti-
Mac-1 (M1/70, 5 ug/ml) or anti-Thy-1 (M5/49, 5 ug/ml) supernatants for
30 min, washed twice in PBS, and stained for another 30 min with 40 pl of
FITC-F(ab), rabbit anti-rat IgG previously absorbed with mouse IgG. All
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staining was performed at room temperature in a moist chamber. After being
washed twice in PBS, the sections were mounted in Aqua-mount (Lerner
Laboratories, Stamford, CT). Controls include sections stained with anti-
Mac-1 or anti-Thy-1 MAb only, as well as with NSI clonal supernatants plus
5 ug/ml normal rat igG followed by the second-stage FITC reagent.

RESULTS

Expression of Mac-1 by peritoneal macrophages elicited by
different means. Unelicited peritoneal macrophages and mac-
rophages elicited by sterile inflammatory agents and by bac-
teria differ widely in function, ectoenzyme profiles, and expres-
sion of la, Mac-2, and 54-2 antigens (6, 7, 11-15). Therefore,
Mac-1 was also examined for expression on different types of
peritoneal macrophages. Cells were labeled with M1/70 MAD,
a second step FITC-conjugated reagent, and were analyzed by
immunofluorescent flow cytometry (Fig. 1). Scatter gates were
set so that the analysis included all macrophage-sized celis but
excluded most lymphocytes, polymorphs, and smaller cells
present in the peritoneal exudates. As previously described,
thioglycollate-induced macrophages are Mac-1* (Fig. 1A). In
addition, macrophages elicited by Con A, LPS, L. monocyto-
genes, and peptone, and unelicited resident macrophages
were also found to be 86 to 92% strongly Mac-1* (Fig. 1B-F).
The mean fluorescence intensity of the different macrophage
preparations did not vary by more than a factor of 2.2 (Table
1). Thioglycollate-elicited cells showed the highest fluorescence
intensity. Because of some overlap in scatter distributions, a
small percentage of non-macrophages were included in these
analyses. Parallel experiments with the same scatter gates
showed that the Con A-, LPS-, and Listeria-elicited cells were
4 t0 11% Thy-1*. Since normal T cells and Con A-activated T
blasts do not synthesize Mac-1, 86 to 97% labeling in these
epxeriments may have represented 100% labeling of macro-
phages.
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Figure 1. Immunofluorescent flow cytometry analysis of peritoneal macro-
phages elicited by ditferent agents. PEC were labeled with M1/70 (dark curve)
or NSI control supernatant plus 50 ug/ml normal rat I9G (light curve) as described
in Materials and Methods. The scatter gates were set to exclude RBC, dead cells,
and most lymphocytes and polymorphonuclear leukocytes. The histograms
shown are plotted with the relative cell number on a linear scale and fluorescence
on a logarithmic scale.
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To further examine this question, macrophages were purified
by adherence on glass coverslips, stained, and examined mi-
croscopically. Adherent preparations from all exudates were
93 to 99% macrophages as determined by Wright-Giemsa
staining and were >95% Mac-1* by immunofluorescence.
Mac-1 was also present on all macrophages in 1-day thiogly-
collate-elicited exudates. Therefore, Mac-1 is expressed by
essentially all unelicited macrophages and macrophages elic-
ited by sterile inflammatory agents, bacteria, or other immune
stimuli.

Biosynthesis of Mac-1 and la antigens: comparison of mac-
rophages elicited by various means and spleen and lymph
node cells. To study the biosynthesis of Mac-1 and la by
various macrophage populations, peritoneal macrophages elic-
ited by various agents were purified by plastic adherence and
internally labeled with *°S-methionine. Spleen cell and lymph
node cell suspensions were also labeled. Immunoprecipitates
prepared from cell lysates containing equal quantities of incor-
porated radioactivity were then analyzed by SDS-PAGE. Une-
licited macrophages as well as macrophages elicited by thio-
glycollate, Con A, LPS, Listeria, and peptone incorporated
similar amounts of *°S-methionine into Mac-1 antigens (Fig.
2A, lanes 1-6). After the same fluorogram exposure, no Mac-
1 biosynthesis by spleen or lymph node cells was detected
(Fig. 2A, lanes 7 and 8). However, Mac-1 could be seen in
immunoprecipitates of spleen cell lysates but not of lymph node
lysates after prolonged fluorogram exposure (result not shown).
This is consistent with previous findings that a small subpopu-
lation of spleen cells but not lymph node cells are Mac-1".

In contrast to Mac-1, the amount of **S-methionine incor-
poration into la was found to vary markedly with the eliciting
agent. The level of la syntheisis by Con A- and Listeria-elicited
macrophages (Fig. 2B, lanes 3 and 5) was much higher than
that by unelicited macrophages (Fig. 2B lane 2) or by macro-
phages elicited by thioglycollate or LPS (lanes 1 and 4). Pep-
tone-elicited cells showed an intermediate level of la synthesis
(Fig. 2B, lane 6). By comparing fluorograms exposed for dif-
ferent lengths of time, the amounts of **S-methionine incorpo-
rated into la by Con A- and Listeria-elicited cells were estimated
to be 20 times and 16 times more than that by thioglycollate-
elicited macrophages. High levels of la antigen synthesis were
also detected in cells from spleen and lymph node (Fig. 2B,
lanes 7 and 8). This was probably due to the presence of large
numbers of B lymphocytes in these tissues.

Estimation of M1/70 binding sites on thioglycollate-elicited
macrophages. To determine the number of Mac-1 cell surface
sites per macrophage, saturation labeling of PEC with increas-
ing concentrations of '*°I-M1 /70 MAb was carried out (Fig. 3).
Results from 5 independent experiments showed that 1.6 +
0.3 X 10° molecules of M1/70 IgG were bound per thiogly-
collate-elicited macrophage. Based on this value, the average
number of M1/70 binding sites on macrophages elicited by

TABLE |
Estimation of M1/ 70 binding sites on macrophages elicited by different agents

o I T T
Thioglycollate 12.5 16.0"
Con A 5.6 (7.:2)
LPS 8.0 (10.2)
Listeria 6.4 (8.2)
Peptone 10.2 (13.1)
None 1.2 (14.3)

" See Materials and Methods.

” Based on saturation binding of '*I-M1/70 to thioglycollate-elicited PEC.

“ () estimated by comparing the mean specific fluorescence intensity of the
test macrophage population to that of thioglycollate-elicited macrophages.
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Figure 2. SDS-PAGE of [**S}-methionine-labeled Mac-1 and la antigens from
macrophages elicited by various means and from spleen and lymph node cells.
Resident or exudate macrophages were purified by 2 hr adherence on tissue
culture flasks, and labeled with [**S}-methionine as described in Materials and
Methods. Single cell suspensions from spleen and lymph node were processed
similarly except that the adherence step was omitted. Equal quantities of Triton
X-100 lysates (1.5 x 10° cpm) were shaken with MAb coupled to Sepharose CL-
4B for 90 min at 4°C: A, 8.7 ug M1/70 MAD; B, 20 ug M5/114 MADb; C. 8 ug
normal rat IgG as control. Beads were washed, boiled in SDS-sample buffer
containing 5% 2-mercaptoethanol, and the eluates were subjected to SDS-10%
PAGE and fluorography (20). The macrophage lysates used for immunoprecipi-
tation were elicited as follows: lane 1, 4-day thioglycollate; 2, unelicited; 3, Con
A: 4, LPS; 5, Listeria monocytogenes; 6, protease peptone. Lysates of spleen
and lymph node cells were used in lanes 7 and 8, respectively.
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Figure 3. Saturation binding of '°°I-M1/70 to thioglycollate-elicited macro-
phages. Increasing concentrations of '*°I-M1/70 were incubated with 2 x 10°
4-day thioglycollate-elicited PEC and binding was determined as described in
Materials and Methods. Differential counts of Wright-Giemsa-stained PEC
showed that approximately 85% were macrophages. Specific activity of '*?I-M1/
70 MAb was 3.8 x 10° cpm/ug. The number of sites was determined by
extrapolation to the y axis, which corrects for nonsaturable, nonspecific binding.

other agents was estimated by comparing their mean fluores-
cent intensity after M1/70 staining to that of thioglycollate-
induced cells (Table 1). The affinity of M1/70 was 1.1 x 10°
M~' as determined by Scatchard analysis of the data from the
same binding assays.

Absorption studies on lymphoid and nonlymphoid tissues.
To study the expression of Mac-1 on various tissues, a limiting
amount of '“°I-M1 /70 MAb was incubated with various tissues,
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Figure 4. Absorption of '2°l-M1/70 with various tissues. Limiting amounts of
'251-M1/70 were incubated with increasing quantities of mouse lymphoid (A) or
nonlymphoid (B) tissues. Residual binding activity to PEC was determined in a
direct binding assay as described in Materials and Methods. Binding capacity
was calculated as the percentage of '*°1-M1/70 bound after absorption with
PBS.

and the residual binding capacity to thioglycollate-elicited PEC
was measured. '?°I-M1/70 MAb was absorbed by spleen, PEC,
and bone marrow, but not by thymus or peripheral lymph node
(Fig. 4A). By comparing the amount of tissue protein required
for 50% inhibition, the absorption by spleen and bone marrow
was estimated to be 5 and 7% that of PEC, respectively. Liver
and lung showed a suggestion of absorbing capacity (Fig. 4B).
Heart, brain, and kidney were not absorptive (Fig. 48).
Localization of M1/70" cells in spleen sections. To deter-
mine the morphology and the localization Mac-1* cells in
spleen, M1/70 MADb was used to stain frozen spleen sections
by indirect immunofluorescence. Areas with Mac-1* cells were
aligned with T-dependent areas of the spleen by staining ad-
jacent sections with an anti-Thy-1 MAb. T lymphocytes in the
periarteriolar lymphatic sheath were intensely stained by anti-
Thy-1 MAb (Fig. 5A). In contrast, few if any Mac-1" cells were
seen in T-dependent areas (Fig. 58). However, numerous
brightly Mac-1* cells were found localized in the marginal zone
(Fig. 5B) and scattered in the red pulp (Fig. 5C). Two-color
immunofluorescence staining with anti-Mac-1 and anti-Thy-1
reagents gave similar results (not shown). Since the morphol-
ogy of cells in frozen sections was not well-preserved, we also
stained adjacent sections with hematoxylin and eosin. Most of
the cells stained strongly by M1/70 had the morphologic and
staining characteristics of macrophages. In addition, some
smaller cells were stained weakly for Mac-1. Most of these had
segmented nuclei and resided in the red pulp. They probably
represent granulocytes, which were previously shown to ex-

MAY-KIN HO AND TIMOTHY A. SPRINGER

[voL. 128

press only small quantities of Mac-1 (1). The other small celis
in the red pulp may be monocytes and natural killer cells, which
are known to be weakly Mac-17* (1).

DISCUSSION

A previous report from this laboratory described the expres-
sion of Mac-1 on thioglycollate-induced macrophages, granu-
locytes, blood monocytes, and 50% of bone marrow celis, but
not on lymphocytes or thymocytes (1). The P388D, macro-
phage-like cell line, but not B or T lymphoid lines, was also
found to express Mac-1. However, the expression of Mac-1 by
macrophages elicited by other agents was not explored. Re-
cent studies have shown that peritoneal macrophage surface
antigen expression, in addition to function, ectoenzyme profile,
and physiology, is markedly influenced by the eliciting agent
(8, 7, 11-15). For example, the number of la* macrophages in
peritoneal exudates elicited by Con A and Listeria monocyto-
genes is much higher than that in the normal peritoneal cavity
or in exudates induced by thioglycollate, oil, peptone, and LPS
(7). Two other structurally distinct macrophage antigens, Mac-
2 and 54-2, are also differentially expressed on macrophage
populations. Mac-2 is found in abundance on thioglycollate-
elicited macrophages but not on unelicited macrophages or
macrophages elicited by Con A, LPS, or Listeria (5). 54-2
antigen is expressed by thioglycollate-elicited macrophages,
cultured bone marrow macrophages, and mast cells but not by
resident peritoneal macrophages or monocytes (8). Its pres-
ence on macrophages elicited by other agents is not known. A
sense is emerging from these studies that macrophages can
be divided into antigenically distinct subsets, as is the case for
lymphocytes. This prompted us to examine the distribution of
Mac-1 on macrophages elicited by agents other than thiogly-
collate.

In contrast to la, Mac-2, and 54-2 antigens, the Mac-1
antigen appears to be a general macrophage marker. Perito-
neal resident and exudate macrophages elicited by thioglycol-
late, Con A, LPS, Listeria monocytogenes, or peptone were
found to be >86% Mac-1" by immunofluorescent flow cytom-
etry, and >95% Mac-1* by direct microscopic examination of
glass-adherent, stained macrophages. The average amount of
Mac-1 expressed by the different populations varied only 2-
fold, with the highest mean fluorescence intensity detected on
macrophages elicited by thioglycollate or peptone.

The number of M1 /70 binding sites per thioglycollate-elic-
ited macrophage was found to be 1.6 x 10° at saturation.
Based on this value, resident macrophages were estimated to
bind 1.4 X 10° M1/70 MAb/cell, in good agreement with
values independently obtained for the 1.21J MAb to Mac-1 (3).
Thioglycoliate-elicted macrophages have 1.3 X 10° Mac-2 and
4 x 10* Mac-3 sites/cell (15). Resident macrophages express
close to 10° H-2, Fc receptor Il, and F4/80 antigen binding
sites/cell (3). Of all these antigens, Mac-1 is expressed in the
highest quantity. It is a major macrophage surface component,
and is present in sufficient quantities for isolation and charac-
terization of unlabeled material.

The expression of Mac-1 by diverse macrophage populations
was confirmed by biosynthetic labeling experiments. Unelicited
peritoneal macrophages as well as macrophages elicited by
thiogiycollate, Con A, LPS, Listeria, and peptone incorporated
a similar proportion of 3*S-methionine into Mac-1. la antigen
synthesis, however, varied markedly. The M, of the Mac-1
polypeptides was the same for all macrophage populations. In
contrast, the M, of Mac-3, a distinct macrophage cell surface
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Figure 5. Immunofluorescent staining of spleen sections with anti-Thy-1 and anti-Mac-1 MAb. Frozen spleen sections were stained with anti-Thy-1 (A) or anti-
Mac-1 (B and C) followed by FITC-F(ab’), rabbit anti-rat IgG. Thy 1" cells are located in the periarteriolar lymphatic sheath (A) whereas Mac-1" cells are scattered
in the marginal zone (B) (adjacent sections). A branch of the central artery (CA) can be seen in both sections. Mac-1" cells (arrows) are also found in the red pulp

(C). D is the same fold as in C viewed under phase contrast.

glycoprotein, can vary from 108,000 to 130,000, depending
on the eliciting agent used (manuscript in preparation).

In addition to peritoneal macrophages, spleen and bone
marrow cells also express Mac-1. Absorption experiments
showed that spleen and bone marrow express 5 and 7%,
respectively, as much Mac-1 as PEC, on a protein weight basis.
Previous studies showed that 50% of bone marrow cells are
Mac-17 (1), but from relative fluorescence intensities (15) it
can be estimated that positive bone marrow cells express only
10% as much Mac-1 as thioglycollate-elicited PEC. Based on
these results, the absorption by bone marrow should be about
5% that of PEC, in good agreement with the experimental
findings.

Immunofluorescent staining of spleen sections showed that
almost all Mac-1 cells reside in the splenic red pulp and
marginal zone, areas where other investigators have observed
an abundance of macrophage (16-18). Both brightly staining
Mac-1"* cells with the morphology of macrophages as well as
other, weakly staining cells were found in spleen sections,
whereas cells adherent to coverslips isolated from spleen single
cell suspensions (results not shown) were only weakly Mac-1".
This is in agreement with other reports that a high proportion
of spleen macrophages remain associated with stroma after
teasing (19). Few M1/70" cells were found in the white pulp,
where dendritic cells are localized, which suggests that den-
dritic cells are Mac-1". These results obtained by in situ
staining are consistent with recent findings by Nussenzweig et
al. on isolated spleen cells (3). They showed that Mac-1, Fc
receptor Il, and a 160,000 M, antigen identified by the F4/80
MADb were all expressed by splenic macrophages but not by
dendritic cells.

Previously there has been no general marker for macro-
phages analogous to Thy-1 for T lymphocytes or surface im-
munoglobulin for B lymphocytes. Lymphocytes are Mac-1 neg-
ative, but blood monocytes, normal splenic and peritoneal
macrophages, and peritoneal macrophages elicited by diverse
agents all express Mac-1. Mac-1 is present on exudate mac-
rophages at early (1-day) and later (4-day) time points. It
therefore appears to be continuously expressed during matu-
ration of monocytes to macrophages. Furthermore, all 8 of 8
different macrophage-like cell lines thus far examined have
also been found to be Mac-1" (unpublished results). Quanti-
tation of its surface expression shows Mac-1 is a major cell
surface component. Therefore, despite its weak expression on
granulocytes (1) and natural killer cells (2), the presence of
Mac-1 on all macrophage populations examined thus far ren-
ders it a useful marker for differentiating macrophages from
lymphocytes and dendritic cells in cell suspensions, adherent
monolayers, and tissue sections. Its ubiquitous and abundant
expression on macrophages at different stages of differentia-
tion also suggests that Mac-1 plays an important role in mac-
rophage physiology and function.
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