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CHARACTERISTICS OF MONONUCLEAR PHAGOCYTES 
FROM DIFFERENT TISSUES 

M. M. C. Diesselhoff-den Dulk 
R. van Furth 

INTRODUCTION 

To be classified as a mononuclear phagocyte, a cell must 
have a number of characteristics (see Chapter 27). The mor-
phological picture is not sufficient, because the group of 
mononuclear phagocytes includes many different forms. For 
example, comparison of the structure of monoblasts, promono-
cytes, monocytes, and macrophages (including the alveolar, 
pleural, and peritoneal macrophages; Kupffer cells; type A 
synovial cells; Langerhans cells; microglia cells; osteoclasts; 
epithelioid cells; and multinucleated giant cells) will not 
easily lead to the conclusion that these cells all belong to 
the same cell line. Therefore, additional properties must be 
taken into account, such as the presence of enzymes in the cy-
toplasm and of receptors on the surface and also various cell 
functions. During the last decade such properties have been 
studied in more detail in human and murine mononuclear phago-
cytes and, less intensively, in a number of other species. 
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This chapter includes a detailed description of the methods 
employed in this work and the results obtained in mononuclear 
phagocytes isolated from various organs. 

II. MATERIALS AND PROCEDURES 

A. Cell Isolation 

1. Bone Marrow 

(a) Mouse. After removal of a hindlimb and thorough clean-
ing of the femur, both ends of the bone are cut off and a 
needle (26 gauge) on a 2-ml syringe is inserted to flush the 
shaft with 2 ml of culture medium. The bone marrow cells are 
collected in a Falcon tube (Falcon Plastics, California) and 
dispersed by repeated aspiration in a pipette. One femur 
yields approximately 1.5 x 107 nucleated cells. The cell num-
ber is adjusted to 1 x 107 cells/ml culture medium (1). 

(b) Guinea Pig» The marrow is obtained with the same pro-
cedure as in the mouse except that 10 ml of culture medium is 
used to flush the femur shaft, which requires a 19-gauge 
needle on a 10-ml syringe. One guinea pig femur yields approx-
imately 2 x 108 nucleated cells, and the number is adjusted to 
1 x 107 cells/ml culture medium (2). 

(c) Human. Fragments of spongiosa bone (approximately 125 
mm^) collected in saline containing 40 U/ml heparin are trans-
ferred to a petri dish containing medium 199 (Microbiological 
Associates, Walkersville, Maryland), and marrow is removed 
from the bone by teasing with sterile scalpels. This material 
is stirred and then kept in an upright test tube for at least 
1 min to allow the bone fragments and fibrous debris to sedi-
ment. The supernatant is then removed and spun at 110 g for 
10 min, after which the cells are washed once with phosphate-
buffered saline (pH 7.2) and brought into medium containing 
serum. After dispersal of the cells by repeated up and down 
movement in a 1-ml glass pipette for at least 1 min, the sus-
pension is diluted to a cell concentration of 6.0 - 8.0 x lOvml. 

Sternal marrow aspirates collected in saline containing 
40 U/ml heparin are placed in a petri dish containing medium 
199 and 0.5 U/ml heparin, after which the bone marrow flocks 
are aspirated with a capillary pipette and brought into a plas-
tic tube. Medium 199 is then added, the flocks spun at 110 g 
for 10 min and the supernatant discarded; the flocks are washed 
once more with medium 199 containing 0.5 U/ml heparin, dis-
persed very thoroughly in culture medium, and diluted as des-
cribed above (3). 
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2. Peripheral Blood 

(a) Mouse. Blood obtained by cardiac puncture from chloro-
form-anesthetized mice is collected in heparin (20 U/ml blood). 
Leukocyte suspensions are made by preparing a buffy coat. For 
the latter purpose, 5-ml aliquots of heparinized blood are cen-
trifugea three times for 3 min at 180 g, and after each run the 
supernatant plasma is collected. The collected plasma is 
pooled, centrifuged for 7 min at 180 g, and washed with medium, 
after which the leukocytes are resuspended in culture medium to 
a concentration of 2 x 10^ cells/ml. 

(b) Guinea Pig. Blood obtained by cardiac puncture of 
ether-anesthetized animals is collected in heparin (20 U/ml 
blood). A leukocyte-rich suspension is prepared by density 
centrifugation in a Ficoll - Hypaque suspension consisting of 
12 parts Ficoll 400 (Pharmacia, Uppsala, Sweden) and 5 parts 
sodium metrizoate Isopaque (Nyegaard & Co., Oslo, Norway) (4). 
Next, 3.5 ml blood diluted 1 : 1 in phosphate-buffered saline 
is layered on 4 ml Ficoll - Hypaque and centrifuged for 20 min 
at 420 g. The leukocyte-rich cell layer is collected in sili-
conized tubes, centrifuged for 10 min at 250 g, and washed four 
times with phosphate-buffered saline containing 0.5 U hepa-
rin/ml. The washed cells are then resuspended in culture me-
dium and counted. Approximately 2 x 10^ nucleated cells are 
obtained from each animal, and the number is adjusted to 

2 x 106/nil culture medium (2) . 
(c) Human. Monocytes are obtained from venous blood 

samples containing 20 U heparin/ml blood. A monocyte - lym-
phocyte-rich suspension is prepared by density centrifugation 
on a Ficoll - Hypaque gradient as described above, except that 
5 ml undiluted blood is layered on 4 ml of Ficoll - Hypaque. 
The cell number is adjusted to 2 x lO^/ml culture medium (3). 

3. Peritoneal Cavity 

(a) Mouse. The animals are killed with chloroform. The 
skin over the abdomen is reflected and 2 ml of phosphate-
buffered saline containing 50 U/ml heparin is injected into 
the peritoneal cavity. After gentle massage of the abdomen, 
the cell suspension is collected in a Falcon tube, centrifuged 
for 8 min at 150 g, and resuspended in culture medium at a con-
centration of 1 x 10 6 cells/ml (1). 

(b) Guinea Pig, Rat, and Hamster. The same procedure is 
followed, except that for the guinea pig 50 ml of phosphate-
buffered saline with heparin is used to wash out the peritoneal 
cavity; for the rat and hamster 40 ml is used. The cell num-
ber is adjusted to 1 x 10^ cells/ml culture medium. 

(c) Human. The fluid present in the peritoneal cavity of 
woman undergoing laparoscopy is aspirated by suction and placed 
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in a Falcon tube. The cells are sedimented by centrifugation 
for 10 min at 110 g and resuspended in culture medium in a con-
centration of 1 x 106 cells/ml. The total number of nucleated 
cells is about 10' , comprising 58.2% macrophages, 13.8% 
granulocytes, and 28% lymphocytes (3). 

4. Liver 

Cell isolation from the liver was only done in mice. The 
animals are anesthetized with 6 mg phénobarbital natrium (S.A. 
Abbot N.V., Amsterdam) given intraperitoneally. The abdomen 
is opened and the intestines reflected to expose the superior 
mesenteric vein. This vein is cannulated with a 2 7-gauge 
needle on a syringe and the liver perfused with 0.2% (w/v) pro-
nase E (E. Merck, Darmstadt, W. Germany) in Hanks' solution 
(Oxoid Ltd., England) at a flow rate of 1 - 2 ml/min and a 
temperature of 37°C. Once perfusion is established, the in-
ferior vena cava is cut, after which the liver becomes pale. 
Perfusion is continued for 3 - 4 min until the animal is com-
pletely exsanguinated. The liver is then removed and weighed 
after excision of nonhepatic tissue. Any segments that have 
not been perfused are removed and the liver is weighed again 
before being chopped into small pieces, which are washed three 
times in Hanks' solution. 

The fragments are digested for 1 hr under constant stirring 
in 0.2% (w/v) pronase (10 ml/g liver) at pH 7.4 and 37°C. The 
pH is monitored continuously and adjusted when necessary with 
0.1 N sodium hydroxide. At 20 and 40 min after the start of 
the incubation, 0.5 mg DNase (E. Merck) in 1 ml Hanks' solution 
is added to digest cellular debris. Sterilized and siliconized 
glassware is used throughout. 

After incubation, the cell suspension is filtered through 
two layers of gauze, centrifuged for 4 min at 360 g, and washed 
three times in Hanks' solution, after which the nonparenchymal 
cells in the final suspension are counted in a Bürker hemocyto-
meter. The viability of the cells is determined by incubating 
the cells with 0.1% trypan blue in saline for 30 sec at room 
temperature and counting the cells that exclude the dye. This 
suspension is used to make cytocentrifuge preparations and for 
cultures made with a suspension of 1 - 1.5 x 106 cells to study 
the glass-adherent cells (5, 6). 

5. Lung 

Cell isolation from the lung was only done in mice. The 
animals are anesthetized with 5 mg phénobarbital (Abbott N.V.) 
given intraperitoneally. The abdomen is opened and the dia-
phragm exposed and pierced. After collapse of the lungs, a 
triangular section of the thoracic cage is cut out, and the ex-
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posed aorta, esophagus, and inferior caval vein are cut. The 
right ventricle is then punctured with a 21-gauge needle on a 
syringe containing 5 ml of a solution of 0.6 mM EDTA in 
phosphate-buffered saline (PBS), and the contents are slowly 
injected into the beating heart. The major blood vessels in 
the neck and shoulders are cut to diminish backflow to the 
heart. During the perfusion, the pink color of the lungs 
changes to pale white. If part of the lung remains pink, which 
indicates incomplete perfusion, the animal is discarded. 

Next, the trachea is exposed and cannulated with a 20-gauge 
Teflon catheter (Abbocath-T. Abbott N.V.) connected to a three-
way stopcock on which a syringe containing 15 ml of lavage 
fluid at 37°C and an empty syringe for collection of fluid from 
the lungs are mounted. The lavage fluid is composed of 0.6 mM 
EDTA in PBS. Portions of 1 ml of lavage fluid at a time are in-
troduced and recovered. The cells in the pooled lavage fluid 
from one mouse are counted immediately in a Bürker hemocyto-
meter in duplicate and then washed once in PBS. Viability is 
determined by trypan blue exclusion. Cytocentrifuge prepara-
tions are made for characterization of the cells. For culture, 
the cells are suspended in culture medium at a concentration of 
about 5 x 105 viable cells/ml (7). 

B. Morphology 

1. Cytocentrifuge Preparations 

Preparations of all cell suspensions are made by spinning 
down the cells onto a glass coverslip. For this purpose, a 
round coverslip with a diameter of 12 mm is placed in a flat-
bottomed centrifuge tube (diameter 15 mm, height 5.5 cm), and 
then 3 ml of phosphate-buffered saline containing 5% newborn 
calf serum is pipetted into the tube. Approximately 1 - 2 
x 105 cells are then added, and the tube is gently shaken and 
centrifuged for 10 min at 180 g. The supernatant is discarded, 
the coverslip carefully removed and quickly dried in an air 
stream, after which the coverslip is attached with Depex to a 
microscope slide with the cell-bearing side exposed for further 
fixation and staining. 

2. Cultures on Glass 

To study adherent cells, cell suspensions in the required 
concentration are incubated in Leighton tubes with a flying 
coverslip (10 x 35 mm). The tubes are either incubated in a 
CO2 incubator or gassed with 5% C02 in air and tightly stop-
pered with nontoxic stoppers. For murine and human cells, the 
culture medium is composed of medium 199 (Microbiological 
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Associates) with 20% heat-inactivated newborn calf serum 
(GIBCO Europe, Glasgow, Scotland). For guinea pig cells, use 
is made of Dulbeccofs medium (GIBCO Europe, Glasgow, Scotland) 
containing 20% heat-inactivated newborn calf serum (2). 
Penicillin 1000 U/ml and streptomycin 50 yg/ml are added to 
the culture medium. When enzyme digestion is used, as for 
liver and lung tissue, the streptomycin is replaced by 20 yg/ml 
gentamycin. After incubation, the coverslips are washed with 
serum-free medium, removed from the tube, quickly air-dried, 
and mounted cell side up on slides for staining. 

3. Staining 

The morphology is studied in preparations stained with 
Giemsa stain (1 drop of Giemsa on 1 ml water). After fixation 
in methyl alcohol for 15 min, blood smears are stained for 
20 min and monolayers on coverslips or cytocentrifuge prepara-
tions for 7 min. For cells showing pinocytosis of dextran 
sulfate, the preparations are stained with either Giemsa stain 
for 5 min or toluidine blue (1% toluidine blue in 30% methyl 
alcohol) for 15 min. 

C. Cytochemistry 

1. Esterase 

Esterase activity of mononuclear phagocytes is investigated 
according to Ornstein (3, 8, 9). The reagent is prepared by 
mixing 0.8 ml of a pararosaniline hydrochloride solution with 
0.8 ml of a sodium nitrite solution (Table I). After 30 sec, 
4.5 ml 0.40 M sodium cacodylate is added and the pH checked 
and, if necessary, brought to 6.0 with sodium cacodylate. The 
volume is then adjusted to 15 ml with distilled water and 
0.15 ml 10% Tween 20 is added. This solution is added to a 
mixture of 2 ml 0.52% (w/v) a-naphthyl butyrate in dioxane and 
3 ml methanol; next, distilled water is added to give a final 
volume of 40 ml. This reagent remains stable for up to 6 hr. 
The air-dried preparations are fixed in formalin vapor for 
60 sec, washed in water, dried, and covered with the reagent 
at room temperature for 25 min. The slides are then rinsed, 
dried, and counterstained with Giemsa stain for 6-10 min. 
Blood smears are counterstained with Giemsa for 15 min. 

2. Peroxidase 

Peroxidase is determined according to Kaplow (10). Air-
dried preparations are fixed in 10% formalin in absolute alco-
hol for 1 min, rinsed in tap water, and dried. Kaplow1s 
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TABLE I. Reagents for Esterase and Peroxidase Staining 

Esterase staining:a 

Stock solutions 
1. a-Naphthyl butyrate (0.26 gm) (Sigma Chemical Co., 

St. Louis, Missouri) in 50 ml dioxane 
2. Pararosaniline hydrochloride (1.0 gm) (Sigma) in 30 ml 

2 N HC1 
3. NaN02 (1.0 gm) in 30 ml water (make fresh weekly) 
4. Sodium cacodylate, 0.40 M 
5. 10% Tween 20 

Peroxidase staining:" 

Incubation mixture 
30% Ethyl alcohol, 100 ml 
Benzidine dihydrochloride (Fluka AG, Buchs, Switzerland), 

0.3 gm 
0.132 M (3.8% w/v)ZnS04*7H20, 1.0 ml 
Sodium acetate (NaC2Hj02'

3H20^ 1.0 gm 
3% Hydrogen peroxide, 0.7 ml 
1.0 N Sodium hydroxide, 1.5 ml 
Safranine 0, 0.2 gm 

The reagents should be added in the order listed and 
mixed well with each addition. The benzidine salt may contain 
a small amount of inert residue that will not dissolve. A 
precipitate forms upon addition of the zinc sulfate, but dis-
solves after addition of the remaining reagents. If a nuclear 
counterstain is not required, the safranine can be omitted. 
The final pH is 6.00 ± 0.05. The solution should be filtered 
and stored in a Coplin jar or bottle at room temperature. The 
same solution can be used for as long as 6 months. Heparin, 
oxalate, and EOT A are not inhibitory. 

aAccording to Ornstein (8, 9). The solution should be 
prepared as described in the text. 

According to Kaplow (10). 

reagent, composed of 0.3% (w/v) benzidine dihydrochloride and 
0.02% (v/v) hydrogen peroxide (pH 6.0) , is poured over the 
slides and washed off with tap water after 30 sec. The prepa-
rations are then dried, counterstained for 6 min with Giemsa 
stain, washed, and dried. Blood smears are counterstained 
with Giemsa for 20 min. If staining for peroxidase cannot be 
performed immediately, the preparations should be kept in the 
dark. 
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3 . Lysozyme 

The presence of lysozyme is demonstrated by the immuno-
peroxidase method (11). Antirat lysozyme serum was produced 
in rabbits by repeated intramuscular immunization with rat 
lysozyme (kindly supplied by E. F. Ossermannf Columbia College 
of Physicians and Surgeons, New York) together with Freunds1 

complete adjuvant (Difco Laboratories, Detroit, Michigan). 
This antiserum has been used for studies in rat and mouse 
cells. For human cells, rabbit immunoglobulins to human mura-
midase (Dako Copenhagen, Denmark), diluted 1 : 40, is used as 
antiserum. Air-dried preparations are fixed in methanol for 
15 min and then in methanol containing 0.03% hydrogen peroxide 
for 10 min, washed in phosphate-buffered saline, and incubated 
for 10 min with goat serum (diluted 1 : 8 ) . After incubation 
with rabbit antilysozyme serum (dilution 1 : 15) for 30 min at 
room temperature, the preparations are thoroughly washed with 
PBS and incubated with peroxidase-conjugated goat antirabbit 
IgG (Miles Yeda Ltd., Israel) (dilution 1:100) for 30 min at 
room temperature, washed in PBS, and stained for 6 min with 
6 mg 3,3'-diaminobenzidine tetrahydrochloride (Fluka A. G., 
Buchs, Switzerland) in 10 ml 0.05 M tris buffer (pH 7.6) with 
hydrogen peroxide added to a final concentration of 0.015%. 
This reagent should be made just before use. The antiserum is 
checked by substituting normal rabbit serum, the substrate by 
substituting PBS for the antiserum, and the peroxidase reac-
tion by determination of endogen peroxidase in cells. 

4. Fc and C3 Receptors 

The presence of Fc receptors can be detected with IgG-
coated sheep erythrocytes. Washed sheep erythrocytes are made 
up into a 5% (about 2 x 109 erythrocytes/ml) solution in buf-
fered saline, 0.2 ml is added to 0.04 ml heat-inactivated 
mouse antisheep erythrocyte serum (prepared by repeated intra-
venous immunization of mice with sheep erythrocytes, hemag-
glutination titer of the antiserum 1:1500), and the volume is 
made up to 1 ml with medium 199. This suspension is incubated 
for 30 min at 37°C, after which the erythrocytes are washed 
twice in buffered saline and resuspended in medium 199 to a 
final concentration of 0.2%. Each culture receives 1 ml of 
this suspension and is incubated for 1 hr at 37°C to allow 
phagocytosis. The culture is then thoroughly washed with 
medium 199, dried, fixed, and stained with Giemsa (5). 

The presence of complement (C3) receptors can be detected 
by using sheep erythrocytes coated with IgM and C (5). The 
erythrocytes are first coated with IgM by incubating 0.2 ml of 
a 5% sheep erythrocytes suspension with an equal volume of an 
IgM fraction of rabbit antisheep erythrocyte serum for 15 min 
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at 37°C and then washed twice with buffered saline. A mixture 
of equal volumes of 2.5% IgM-coated erythrocytes in medium 199 
and fresh mouse serum as a source of complement is incubated 
for 10 min at 37°C, washed twice with saline, and resuspended 
in medium 199 to a final concentration of 0.2%. Complement 
receptors are identified by using the procedure described for 
Fc receptors. 

Rabbit IgM antisheep erythrocytes antibodies are prepared 
from rabbit serum obtained 3 days after a single intravenous 
injection of sheep erythrocytes by passing the latter twice 
through a Sephadex G-200 column. After concentration of the 
appropriate fractions by freeze-drying, possible IgG contami-
nation was assessed by immunodiffusion using antirabbit IgG 
antiserum (Dako) and by assaying the ingestion of sheep eryth-
rocytes coated with IgM (EIgM) or with IgM and complement 
(ElgMC) in 24-hr cultures of peritoneal macrophages. IgM is 
used in a dilution such that when EIgM are prepared, no ro-
setting or ingestion of coated erythrocytes by peritoneal mac-
rophages is found and when used for the preparation of ElgMC 
shows rosettes on 100% of the macrophages and no more than 5% 
ingestion. 

To detect C receptors in guinea pig cells, IgM-coated 
sheep erythrocytes were first incubated with guinea pig Cl, 
C4, and C2 followed by a final incubation of the EIgMCl,4,2 
with purified guinea pig C3 (2, 12). 

D. Function Tests 

I. Phagocytosis 

Bacteria from an overnight culture in nutrient broth No. 2 
(Oxoid Ltd., London) are washed twice with phosphate-buffered 
saline, and a suspension is made in medium 199 containing 10% 
noninactivated newborn calf serum. For human cells 10% AB 
serum is used. The bacteria-to-cell ratio is 100 : 1 for 
Staphylococcus aureus and 10 : 1 for Staphylococcus epidermidis. 
Monolayers are incubated for 1 hr at 37°C. When S. epidermidis 
is used, the monolayers are thoroughly washed, quickly air-
dried, fixed, and stained. For S. aureus, the cultures are 
washed once and incubated with 10 U lysostaphin (Sigma Chemical 
Co., St. Louis, Missouri) in 1 ml medium for 5 min at 37°C to 
lyse the extracellular bacteria (13, 14). The cultures are then 
washed twice, air-dried, fixed, and stained. To investigate 
phagocytosis of IgG-coated sheep erythrocytes, cultures treated 
as described earlier under detection of Fc receptors are incu-
bated with 0.83% NH4CI for 20 - 30 sec at room temperature to 
lyse extracellular erythrocytes, after which they are washed 
twice, air-dried, fixed, and stained. 
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2. Pinocytosis 

The glass-adherent cells on coverslips are incubated in 
1 ml culture medium with 25, 50, or 100 yg dextran sulfate 
(MW 500,000, Pharmacia Fine Chemicals, Inc., Uppsala, Sweden) 
for 24 hr at 37°C, washed, air-dried, fixed, and stained for 
15 min in 1% toluidine blue. 

III. RESULTS 

A. Morphol ogy 

In Giemsa-stained direct preparations of bone marrow, blood, 
and peritoneal fluid, the mononuclear phagocytes of the differ-
ent species show great similarity, but their behavior on a glass 
surface differs in some respects. Mouse peritoneal macrophages 
have proved to be the best stretchers; after 24 hr these cells 
are well spread and elongated on the glass surface. Mononuclear 
phagocytes from bone marrow and blood spread somewhat more slow-
ly, but after 48 hr in culture they are also well spread and 
elongated and look very much like peritoneal cells after the 
same culture period. In the guinea pig, mononuclear phagocytes 
from bone marrow and peritoneal fluid have been studied in 96-hr 
cultures on glass and those from blood in 48-hr cultures (2). 
Although there are some well-spread cells after this period, the 
majority of the mononuclear phagocytes are round or oval. The 
same holds for rat peritoneal cells cultured for 24 and 48 hr 
on glass. Some of the cells are well spread, but the majority 
of the macrophages are round or oval. Hamster peritoneal mac-
rophages cultured for 24 hr are well spread and closely re-
semble mouse peritoneal macrophages. 

The morphology and other characteristics of the mononuclear 
phagocytes of human bone marrow are best studied in 6-hr cul-
tures. In Giemsa-stained preparations, the promonocytes show a 
large round or indented nucleus and dark-blue cytoplasm contain-
ing a few dense granules. Bone marrow monocytes are slightly 
smaller than the promonocytes and have an indented nucleus and 
more cytoplasm, which is slightly paler and contains more 
granules than that of the promonocytes. After an incubation 
period of 48 hr, the promonocytes and monocytes show little 
stretching (3). Peripheral blood monocytes after culture in 
vitro for more than 6 hr show a certain amount of stretching of 
the cytoplasm and the formation of pseudopods, but much less 
than is seen in murine macrophages (3). 

Human peritoneal macrophages in cytocentrifuge preparations 
are round and show some variation in size. During incubation 
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in vitro for up to 48 hr, the peritoneal macrophages spread 
and put out pseudopods (3). 

B. Cytochemical Characteristics 

1. Esterase 

Esterase activity is found in all cultured glass adherent 
cells (Tables II and III)· The different species show dif-
ferences in the intensity of staining. In mice, cytocentri-
fuge preparations of bone marrow and peritoneal fluid show very 
weak esterase staining, and no positive staining could be de-
tected in blood smears, but the intensity of the esterase ac-
tivity and the number of positive cells increases with the du-
ration of incubation in vitro (Table III)· Exceptions are 
freshly isolated Kupffer cells and alveolar macrophages, which 
are strongly positive from the start, which permits the use of 
shorter staining periods, i.e., 5 - 1 5 min (5, 7). In the 
guinea pig cells esterase activity is very strong, especially 
in the cultures of bone marrow and peritoneal macrophages. An 
incubation time of 15 min suffices for positive staining (2). 
In rat peritoneal cells, the staining is clearly positive in 
direct preparations and remains constant during culturing. 
These cells are more strongly positive than guinea pig and 
hamster cells. In the latter, the peritoneal macrophages are 
also strongly positive (Table II). 

Human mononuclear phagocytes from bone marrow, blood, and 
peritoneal cavity are strongly esterase-positive (Tables II and 
III). Peripheral blood monocytes cultured for 48 hr on glass 
show a slightly lower degree of positivity, but the percentage 
of positive cells remains constant (3). 

2. Peroxidase 

In mice there is a high percentage of peroxidase-positive 
mononuclear phagocytes in the bone marrow and peripheral blood, 
but not in those from the peritoneal cavity, liver, and lung 
(Tables II and III). The peroxidase activity in blood de-
creases during incubation in vitro from 87% after 2 hr to 59.8% 
after 24 hr (15). Exudate macrophages collected 12 hr after an 
intraperitoneal injection of newborn calf serum show about 88% 
peroxidase-positive cells. However, this value declines to 
about 6% 72 hr after the serum injection. Since an intraperi-
toneal injection of newborn calf serum evokes a short-lasting 
influx of mainly mononuclear phagocytes from the peripheral 
blood into the peritoneal cavity, the high percentage of posi-
tive cells 12 hr after the injection of newborn calf serum in-
dicates that the peroxidase-positive macrophages in the inflam-



TABLE II. Cytochemical Characteristics 

Mouse 

Esterase 

Peroxidase 

Lysozyme 

Blood 
mono-
cytesa 

(%) 

95.0 

59.8 

96.5 

Peri-
toneal 
macro-
phagesa 

(V 

99.3 

0.4 

100.0 

Kupffer 
cellsa 

(%) 

99.0 

0.0 

n.d.e 

Alveolar 
macro-
phagesa 

(%) 

100.0 

0.9 

n.d. 

aDetermined in 24-hr cultures. 
^Determined in 48-hr cultures. 
cDetermined in 96-hr cultures. 
^Determined in 6-hr cultures. 
en.d., not done. 
f t , no specific antiserum available. 

Guinea Pig Rat Hamster Human 
Peri- Peri- Peri- Peri-

Blood toneal toneal toneal Blood toneal 
mono- macro- macro- macro- mono- macro-
cytes phagesc phagesa phagesa cytes phages" 

(%) (%) (%) (%) (%) (%) 

99.5 100.0 96.2 100.0 97.0 99.0 

10.0 2.5 3.0 n.d. 94.3 70.0 

ff ff 100.0 ff 92.2 n.d. 
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TABLE III. Functional and Cytochemical Characteristics of 
Murine and Human Bone Marrow Mononuclear Phagocytes 

Esterase 
Peroxidase 
Lysozymea 

Fc receptor 
C receptor 

Phagocytosis 
opsonized 
bacteria 
IgG-coated 

red cells** 
Pinocytosis 

Murine 
Promonocytes 

6 hr 
(%) 

30.0 
96.3 

n.d.c 

56.4 
31.6 

69.0 

39.3 
79.0 

24 hr 
(V 

91.2 
93.6 
99.7 
93.0 
79.5 

77.0 

93.0 
91.0 

Monocytes 
6 hr 
(%) 

40.0 
90.9 
n.d. 
56.1 
42.6 

72.0 

36.9 
87.0 

24 hr 
(V 

97.4 
87.0 
99.7 
93.0 
79.5 

74.0 

93.0 
91.0 

Huma 
Promonocytes 

6 hr 
(%) 

89.8 
98.1 
95.6 
97.6 
98.1 

92.7 

97.6 
72.8 

n 
Monocytes 

6 hr 
(%) 

93.2 
97.9 
95.6 
90.3 
89.5 

95.8 

88.0 
72.4 

aDetermined in 24-hr cultures in which a distinction cannot 
be made between promonocytes and monocytes. 

^Sheep red cells coated with mouse IgG antibodies. 
cn.d., not done0 

matory exudate are recent emigrees from the blood (15). 
In the guinea pig the peroxidase activity of bone marrow 

and blood mononuclear phagocytes is lower than that in mice and 
also shows a decrease after incubation in vitro. The percentage 
of positive bone marrow cells fell from 40% at 48 hr to 19% at 
96 hr of culture» In peripheral blood smears 52% of the mono-
cytes are positive, but in 48-hr cultures of blood monocytes 
only 10% are positive. Peritoneal macrophages show only a very 
low percentage of positive cells (Table II) (2). Rat peritoneal 
macrophages also show a low percentage of peroxidase-positive 
cells (Table II). 

In human bone marrow almost all of the promonocytes and 
monocytes are peroxidase-positive (Table III)· Peroxidase posi-
tivity is similar in blood monocytes and bone marrow monocytes 
(Tables II and III)· After culture on glass for up to 4 days, 
the percentage of positive cells significantly decreases (3). 
The decrease of peroxidase positivity after longer culture 
periods is probably explained by degranulation during fusion of 
lysosomes with pinocytic vesicles and subsequent degratation of 
the enzymeo 
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3. Lysozyme 

This enzyme is found in high percentages in mononuclear 
phagocytes from mouse, rat, and man (Tables II and III). The 
guinea pig and hamster are not investigated with respect to 
lysozyme because no specific antiserum is available. 

C. Functional Characteristics 

1. Receptors 

In the mouse almost all mononuclear phagocytes from the 
bone marrow, and peritoneal cavity show Fc and C receptors 
(Tables III and IV). In the bone marrow, the number of posi-
tive cells and the density of rosettes increase with increas-
ing duration of culture on glass. In the liver, the percentage 
of Fc and C receptors increases during incubation in vitro but 
remains lower than in peritoneal macrophages (Table IV). This 
might be due to membrane damage caused by pronase digestion (5). 
The enzyme-treated pulmonary macrophages also show an increase 
of receptor-bearing cells during incubation in vitro. In the 
lung, the percentage of cells with C receptors is low (Table 
IV), and a difference is seen between cells obtained by lavage 
of the lung and those from enzyme-treated lung tissue (7). 

Peritoneal macrophages of the rat also show high percentages 
of cells positive for both receptors (Table IV). 

In the guinea pig, Fc receptors are detected on almost 100% 
of the mononuclear phagocytes from the bone marrow, peripheral 
blood, and peritoneal cavity (Table IV). After 24 hr of culture 
on glass, cells from bone marrow, blood, and peritoneal cavity 
show high percentages of C-receptor-bearing cells (Table IV) 
(2) . 

In human bone marrow, blood, and peritoneal cavity, 90 -
98% of the mononuclear phagocytes have Fc receptors, as shown 
with sheep red cells coated with mouse IgG antibodies (Tables 
III and IV). With the use of sheep red cells coated with IgM 
and mouse complement, C receptors are found on 98% of the pro-
monocytes of the bone marrow and on almost 90% of the monocytes 
from bone marrow and blood (Tables III and IV). Almost 100% 
of the peritoneal macrophages show receptors on their surface 
(Table IV) (3). 

2. Phagocytosis 

In the mouse, IgG-coated sheep erythrocytes are readily in-
gested by mononuclear phagocytes from various sources (Tables 
III and IV). Sheep erythrocytes coated with IgM and C are only 
ingested in small percentages. The attached red cells appar-



TABLE IV. Functional Characteristics 

Mouse 
Peri-

Blood toneal 
mono- macro-

Alveolar 
Kupffer macro-

cytesa phagesa cellsa phagesa 

(%) (%) (%) (%) 

Fc receptor 

C receptor 

Phagocytosis 
opsonized 
bacteria 

IgG-coated 
red cells 

Pinocytosis 

99.0 

96.3 

90.0 

99.0 

98.0 

100.0 

100.0 

98.0 

90.6 

99.0 

84.3 

37.5 

81.5 

56.9 

90.4 

72.4 

2.2 

94.2 

61.5 

89.7 

aDetermined in 24-hr cultures. 
"Determined in 48-hr cultures. 
cDetermined in 96-hr cultures. 
^Determined in 6-hr cultures. 

Guinea Pig Rat Human 
Peri- Peri- Peri-

Blood toneal toneal Blood toneal 
mono- macro- macro- mono- macro-
cytesb phagesc phagesa cytes^ phages^ 

(%) (%) (%) (%) (%) 

98.5 100.0 99.7 92.3 97.3 

84.5a 99.5a 88.2 88.1 92.8 

>83.3 96.5 94.0 91.3 83.8 

97.0 99.0 60.2 91.0 60.7 

91.0 95.5 96.9 68.0 85.2 
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ently do not trigger ingestion in nonstimulated mononuclear 
phagocytes (16). However, thioglycollate-induced peritoneal 
macrophages do ingest complement-coated erythrocytes (17). 
Phagocytosis of opsonized bacteria increases with maturation 
of the cells, i.e., from about 75% in the bone marrow to 98% 
for the peritoneal macrophages (Tables III and IV). Nonop-
sonized S. aureus are also phagocytized by peritoneal macro-
phages, but the number of bacteria per cell is low. Latex 
beads, whether opsonized or nonopsonized, are phagocytized by 
peritoneal macrophages at a level of almost 100% (14). 

In the guinea pig, IgG-coated erythrocytes and opsonized 
bacteria are phagocytized by almost 100% of the mononuclear 
phagocytes from the bone marrow, blood, and peritoneal cavity 
(Table IV) (2). 

Rat peritoneal macrophages phagocytize opsonized bacteria 
at a level of more than 90%, but phagocytosis of IgG-coated 
erythrocytes is lower (Table IV). 

Human mononuclear phagocytes from the bone marrow, blood, 
and the peritoneal cavity phagocytize high percentages of op-
sonized bacteria and IgG-coated sheep erythrocytes (Tables III 
and IV). Phagocytosis of sheep erythrocytes coated with IgM 
and mouse complement occurs only in about 10% of the bone mar-
row cells and 16% of the peripheral blood monocytes. Human 
peritoneal macrophages show in 74% ingestion of complement-
coated erythrocytes, probably due to the activated state of 
the macrophages (3). 

3. Pinocytosis 

In the mouse pinocytosis of dextran sulfate amounts to 
more than 90% for mononuclear phagocytes from the bone marrow, 
blood, and peritoneal cavity (Tables III and IV). In the 
guinea pig and rat, too, pinocytosis is observed for the major-
ity of the cells (Table IV). 

For human bone marrow promonocytes and monocytes and 
peripheral blood monocytes, about 70% of the cells pinocytose 
dextran sulfate (Tables III and IV). After prolonged incuba-
tion with 100 yg dextran sulfate, the percentage of pinocytos-
ing monocytes rises until, after 24 and 48 hr of incubation, 
the percentages of positive cells are 92 and 95%, respectively. 
Of the peritoneal macrophages, 85% show pinocytic activity 
(Table IV) . 

D. Comparison of Mononuclear Phagocytes with Lymphocytes and 
Fibrohlast s 

Aside from the study of morphological differences, investi-
gation of cytochemical and functional aspects of cells and their 



III. IDENTIFICATION OF MONONUCLEAR PHAGOCYTES 269 

behavior on a glass surface greatly facilitates differentiation 
between mononuclear phagocytes and other mononuclear cells, 
such as lymphocytes and fibroblasts. Lymphocytes do not adhere 
avidly to glass, except in the absence of serum, and they can 
be easily washed off a surface after adherence of the mononu-
clear phagocytes. T lymphocytes do have esterase activity, but 
only as a few distinct spots in the cytoplasm, whereas the mono-
nuclear phagocytes show diffuse cytoplasmic esterase staining. 
Peroxidase and lysozyme staining is not positive in lymphocytes. 
Although lymphocytes have Fc receptors and can form rosettes 
with IgG-coated erythrocytes, they do not phagocytize opsonized 
erythrocytes or bacteria. Pinocytosis of dextran sulfate is 
also absent. 

Fibroblasts are mononuclear cells, and differentiation from 
mononuclear phagocytes is often difficult. In cytocentrifuge 
preparations the former are round cells and have a large round 
nucleus with distinct nucleoli. After culture on a glass sur-
face they are stretched but with a sheathlike shape differing 
from the stretching of macrophages. Esterase staining is not 
a very good marker for the differentiation from mononuclear 
phagocytes because fibroblasts also show the reaction, although 
not very strongly. Peroxidase staining is not a good marker 
either, fibroblasts are peroxidase negative, but so are tissue 
macrophages. Of the functional characteristics, pinocytosis of 
dextran sulfate cannot be used because it occurs in both fibro-
blasts and macrophages, although the former pinocytose less ac-
tively. The presence of receptors and immune phagocytosis are 
very good markers for distinguishing fibroblasts from macro-
phages, because fibroblasts have no Fc and C receptors, do not 
phagocytize opsonized erythrocytes, and only phagocytose op-
sonized S. aureus at a very low level (about 3%), which differs 
distinctly from the data found for macrophages (Table IV). 

IV. DISCUSSION 

Comparison of mononuclear phagocytes from different organs 
of various species clearly shows the divergence in their mor-
phological appearance, but a detailed discussion on the mor-
phological characteristics of these cells would take us beyond 
the scope of this chapter. From the morphological pattern it 
is not apparent that these cells all belong to one cell line, 
the mononuclear phagocyte system (MPS) (18), but many extensive 
studies done with, for instance, cell markers in radiation 
chimeras and parabiotic animals and on cell kinetics with vari-
ous kinds of label, have proved that the monoblasts, promono-
cytes, monocytes, and macrophages occurring in tissues and 
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serous cavities belong to the MPS (19). 
Although immature dividing mononuclear phagocytes (mono-

blasts and promonocytes) occur mainly in the bone marrow, they 
can also occur in the tissues in very small numbers, especially 
in pathological conditions, recruited from the bone marrow. It 
is of interest to know which features represent developmental 
stages of the mononuclear phagocytes. A useful characteristic 
is the presence of C receptors, which occur less frequently on 
immature than on mature mononuclear phagocytes, but a much bet-
ter characteristic for determination of the developmental stage 
is the synthesis of DNA, which can be studied on the basis of 
either pHj-thymidine incorporation into the nucleus or the 
amount of DNA of the nucleus: The majority of the immature mo-
nonuclear phagocytes (monoblasts and promonocytes) synthesize 
DNA, whereas monocytes and macrophages do not (20). However, 
more studies are needed to find other characteristics making it 
possible to distinguish mononuclear phagocytes from other cells 
and to determine the degree of differentiation of the mononu-
clear phagocyte. 

When we consider the more mature nondividing mononuclear 
phagocytes (monocytes, macrophages), the question arises as to 
whether there are characteristics that can be used to differen-
tiate between mononuclear phagocytes, on the one hand, and 
cells which resemble them morphologically, on the other hand 
(e.g., lymphoid cells, fibroblasts, reticulum cells, dendritic 
cells). Examples of characteristics permitting distinction be-
tween monocytes, macrophages, lymphocytes, and fibroblasts 
(for instance, staining for esterase, peroxidase, or lysozyme; 
the presence of Fc and C receptors; immune phagocytosis; and 
pinocytosis) have been discussed in the preceding paragraphs. 

In this chapter mention is made of only a limited number 
of such characteristics. Promising features requiring further 
investigation include other enzymes present in mononuclear pha-
gocytes, i.e., aminopeptidase, 5'-nucleotidase, leucine amino-
peptidase, oti-antitrypsin, alkaline phosphodi este rase I, and 
such properties as la antigens, and cell line- and cell type-
specific antigens determined with monoclonal antibodies. 

An important question to be considered is how high the per-
centage of marker-bearing cells in a population must be before 
that population can be called a mononuclear phagocyte popula-
tion. Since almost none of the currently used markers give 100% 
positivity, 90% seems to be acceptable for the present. In 
this connection the developmental stage of the cells and their 
state of activation must also be taken into account, because in 
immature cells certain characteristics may be only poorly de-
veloped or not yet present. For some characteristics, further-
more, there is divergence between normal and activated cells in 
the sense that in the latter, properties may have just appeared, 
become more pronounced, or have disappeared after stimulation. 
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