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IDENTIFICATION OF MONONUCLEAR PHAGOCYTES: 
OVERVIEW AND DEFINITIONS 

R. van Furth 

For the study of the physiological functions of mononu-
clear phagocytes as well as their role in pathophysiology, 
adequate characterization of the cells under study is neces-
sary. Until recently, use was often made of suspensions of 
mononuclear cells, in which both monocytes (or macrophages) 
and (T/B) lymphocytes occur. Although these cells seem to 
resemble each other, the use of techniques more advanced than 
routine histological staining (e.g., cytochemical and immuno-
chemical staining of cellular enzymes) and the demonstration 
of cell receptors makes it possible to distinguish relatively 
easily cells of the mononuclear phagocyte cell-line from lym-
phoid cells. 

To appreciate the importance of such optimal character-
ization, it is necessary to know something about the origin 
and kinetics of cells that seem to be morphologically similar. 
Mononuclear phagocytes form a cell line that originates from 
the pluripotent stem cell in the bone marrow (Fig. 1) (1). 
The most immature cell of this line is the monoblast. In vivo, 
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Fig. 1. Schematic representation of the origin and 
kinetics of mononuclear phagocytes and some kinetic parameters. 

the two daughter cells produced by division of a monoblast are 
promonocytes, which in turn divide and give rise to two mono-
cytes. Thus, from monoblast to monocytes, a fourfold ampli-
fication occurs. Monocytes reside in the bone marrow for a 
relatively short time (Fig. 1), and are then transported via 
the circulation to the functional compartment of the mononu-
clear phagocytes, i.e., the tissues, and there they are called 
macrophages. Monocytes leave the circulation by a random pro-
cess and first become exudate macrophages (i.e., cells with 
characteristics similar to those of monocytes), after which 
they undergo characteristic changes (e.g., decrease of the 
number of peroxidase-positive granules, reappearance of per-
oxidatic activity in the rough endoplasmic reticulum and nu-
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clear envelope) and are then called exudate-resident macro-
phages (Fig. 2) (2); ultimately, they acquire all of the 
characteristics of resident macrophages. 

The proliferative cells of the mononuclear phagocyte 
cell-line (i.e., monoblasts and promonocytes) reside in the 
bone marrow (Fig. 1), and under normal conditions the mono-
cytes and macrophages do not divide again. However, a small 
proportion (less than 5%) of the mononuclear phagocytes in 
tissues can incorporate [*%] thymidine (1). These cells have 
recently left the bone marrow and divide once after arriving 
in the tissues. In the normal steady state, the renewal of 
macrophages in the tissues occurs mainly via the influx of 
monocytes, but a small contribution is made by the division 
of immature mononuclear phagocytes in the tissues. The turn-
over time of macrophages in tissues was formerly thought to 
be of the order of 1 to 2 months, but newer approaches have 
shown it to be 1-5 weeks (Fig. 1). In an inflammatory exudate, 
the number of dividing immature mononuclear phagocytes re-
cruited from the bone marrow may be increased, but the main 
source of macrophages is still the influx of nondividing mono-
cytes. 

It is understandable that on the basis of morphological 
criteria alone, monocytes are often confused with (circulating) 
lymphocytes, and macrophages with such cells as reticulum cells, 
dendritic cells, fibroblasts, which occur in connective tissues 
and lymphatic organs. However, cells belonging to this last 
category do not originate from the haemopoietic stem cell, but 
renew themselves by division in the tissues (Fig. 3). As al-
ready mentioned, this is not the way in which macrophages renew 
themselves. 

Properties that can be used for the identification of 
mononuclear phagocytes are summarized in Table I. Because 
neither the specificity of the available markers nor the sensi-
tivity of the techniques used is optimal yet, classification 

MONOBLAST PROMONOCYTE MONOCYTE EXUDATE EXUDATE- RESIDENT 

MACROPHAGE RESIDENT MACROPHAGE 

MACROPHAGE 

LOCALIZATION OF 
PEROXIDATIC ACTIVITY 

Endoplasmic reticulum 
Nuclear envelope 
Golgi apparatus 
Lysosomal granules 

Fig. 2. Peroxidase activity patterns and sequence of 
development of monocytes and macrophages. 
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Fig. 3. Schematic representation of the origin and 
localization of cells in lymphoid and connective tissues and 
serous cavities. The macrophages and lymphoid cells are 
steadily replaced by bone marrow-derived precursors from the 
circulation, whereas reticulum cells, dendritic cells, fibro-
blasts, and endothelial and mesothelial cells do not have pre-
cursors in the bone marrow but renew themselves by division in 
the tissues (1). 

must be based on more than one property. The most frequently 
used methods for the determination of the morphological, cyto-
chemical, and functional characteristics are discussed in de-
tail in Section V on the morphology of mononuclear phagocytes 
of this volume. The demonstration of ectoenzymes by cytochem-
ical and biochemical methods is described in the same section 
and elsewhere (3). So far, the use of antisera to demonstrate 
cell-specific antigens has contributed little to the charac-
terization of mononuclear phagocytes, because it is still dif-
ficult to produce antisera specific for mononuclear phagocytes. 
Many of these polyclonal antisera contain antibodies that 
cross-react with other kinds of cell. Monospecific monoclonal 
antibodies with hybridomas should greatly facilitate the iden-
tification of mononuclear phagocytes in tissue and the deter-
mination of their developmental stage. The proliferation of a 
cell population can be assessed by the counting of cells in 
culture. At the cellular level, the distinction between cells 
that divide and cells that merely survive can be made on the 



TABLE J. Outline for the Identification of Mononuclear Phagocytes 

Structure 

Cytoplasmic and lysosomal 
enzymes 

Features in light, phase-contrast, 
and electron microscopy 

Nonspecific esterase 
lysozyme 
peroxidase 

Ectoenzymes 5'-Nucleotidase 
Leucine aminopeptidase 
Alkaline phosphodiesterase I 

Membrane characteristics Fc and C receptors 
Specific antigens 

Function 

Cell proliferation 

Immune phagocytosis 
Pinocytosis 

[3fj]-Th y mi dine i ncorpora tion 
DNA content of nucleus 
Survival or multiplication in culture 
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basis of the incorporation of a DNA precursor (e.g.[3H]-thymi-
dine) (ref. 1 and Section XI on the kinetics of mononuclear 
phagocytes of this volume) or by the determination of the DNA 
content of the nucleus. 

On the basis of experience with the characterization of 
cells, it is possible to define the minimum requirements to be 
satisfied before a cell can be called a mononuclear phagocyte 
(4). These requirements are, in the first place, morphological 
characteristics, but also the presence in the cytoplasm of non-
specific esterases (demonstrated with α-naphthyl butyrate or 
a-naphthyl acetate as substrate), peroxidase-positive granules 
and/or peroxidatic activity in the rough-endoplasmic reticulum, 
nuclear envelope, and Golgi region (2), the presence of lyso-
zyme, and the presence of Fc (IgG) and C3 receptors in the cell 
membrane, and in addition the phagocytosis of IgG-coated red 
cells or opsonized bacteria, the absence of phagocytosis of 
C-coated red cells (only in nonactivated mononuclear phago-
cytes) , and the occurrence of avid pinocytosis. The question 
as to whether all cells in a homogenous population must be 
positive for one of these criteria has not been definitely an-
swered yet, but it is generally accepted that positivity of 
90% or more of the cells is sufficient. In many cases cells 
are not positive for all of the criteria mentioned here, or not 
all characteristics are investigated. However, at least three 
characteristics must be positive. 

The mononuclear phagocytes participating in an inflammatory 
reaction (whether spontaneous or induced) are often not care-
fully defined. The characteristics of these cells in an exu-
date depend on the inducing agent, the method of isolation, the 
developmental stage, and the functional state of the cells. 
This means that the cells in an inflammatory exudate can be 
rather heterogeneous, and should therefore be cautiously char-
acterized. 

The terminology applied to the cells in an inflammatory 
exudate is generally unclear. For example, terms such as 
stimulated, activated, elicited, induced, and angry are inter-
changeably used. Often, too, a distinction is not made between 
the developmental stage of the mononuclear phagocyte and the 
functional state. To deal with these problems, the following 
definitions have been proposed (4): 

Resident macrophage: Macrophage present at any given site 
in the absence of an exogenous or endogenous inflammatory 
stimulus. These cells are sometimes called normal macrophages; 
they can also occur in an inflammatory exudate as a small sub-
population already present before the stimulus was applied. 
Their pattern of peroxidatic activity differs from those of 
exudate and exudate-resident macrophages. 
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Exudate macrophage: Macrophage occurring in an exudate 
and identified by a specific marker, i.e., peroxidatic activity, 
and by cell-kinetic analysis. Exudate macrophages derive from 
monocytes and have almost the same characteristics as the lat-
ter. This term should be reserved for this developmental stage 
of the macrophage, and not applied to the functional state. 

Exudate-resident macrophage: Transitional form between the 
resident and the exudate macrophage, which can only be charac-
terized electron-microscopically after staining for peroxidatic 
activity. 

Activated macrophage: Macrophage with increased functional 
activity induced by a given stimulus. Activation thus implies 
a new functional activity or an increase in one or more of the 
functional activities of a cell. Before activation this cell 
may have been a resident or an exudate macrophage. The term 
can be applied to mononuclear phagocytes stimulated in vivo and 
in vitro, but explicit mention should be made of how this was 
accomplished as well as how activation was measured. 

Elicited macrophage: Macrophage attracted to a given site 
by a given substance. This term refers only to mononuclear 
phagocytes accumulating at a particular site and does not in-
dicate the developmental stage of the cells or their functional 
state. An elicited population of cells is usually heterogenous 
in these respects. Since elicited and evoked have the same 
meaning, use of the latter term is acceptable. 

The term stimulated macrophage is imprecise, because stimu-
lation means the application of a stimulus that may result in 
the elicitation and/or activation of cells. The term induced 
macrophages is also inexact, since it can imply either elicited 
or activated. Therefore, neither of these adjectives should be 
used. The term angry macrophage is sometimes used instead of 
activated macrophage, but this practice cannot be recommended. 
The term mononuclear cells should be discarded because it 
covers cells of different cell lines (i.e., monocytes/macro-
phages and T/B lymphocytes) with entirely different functions. 

The terms accumulation and proliferation of cells are often 
erroneously used. Proliferation should be reserved for cases 
in which the increase in the number of cells is known to be due 
to division of cells already present at or recruited to a site, 
and the term accumulation for increases caused by migration of 
(nondividing) cells from other sites. 

A distinction should also be made between differentiation 
and specialization. Differentiation refers to a change in the 
morphological development in the direction of another morpho-
logical stage, whereas specialization means a change in the 
functional state of a cell in the direction of a special 
function. 
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The c e l l s included a t p r e s e n t in t he mononuclear phagocyte 
system (MPS) a re l i s t e d in F ig . 4; the grounds for i n c l u s i o n 
of c e l l s in or exc lus ion from the MPS have been d i scussed in 
d e t a i l elsewhere ( 4 , 5 ) . 

In exper imental animals i t i s of ten r e l a t i v e l y easy t o ob-
t a i n mononuclear phagocytes from va r ious s i t e s , and t h e r e f o r e 
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Fig. 4. Cells belonging to the mononuclear phagocyte 
system and occurring in normal and inflamed tissues (1). 
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much information is available about these cells. In man, to 
the contrary, macrophages are difficult to obtain (6). How-
ever, on the basis of the concept of the MPS, monocytes can be 
considered and used as representative of the cells of this 
system, at least if it is kept in mind that monocytes are not 
macrophages, and that morphological changes occur together with 
the functional changes taking place during the transition from 
monocyte into macrophage in the tissues. Such changes probably 
occur very rapidly, even within a few hours. 
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