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INTRODUCTION 

Investigations on and availability of human macrophages 
are limited. The most available source of these cells is 
peripheral blood, from which the mononuclear cells can be 
easily isolated. Separating the monocytes from the lympho-
cytes involves numerous technical difficulties. Techniques 
for monocyte isolation in suspension use gradients (1, 2) or 
countercurrent centrifugation (3). The method most commonly 
used to obtain monocytes utilizes their property of adhering 
to surfaces. Adherent monocytes are difficult to detach, and 
therefore investigators commonly plate the cells in the ac-
tual assay vessel, then wash off the nonadherent cells. The 
method of Ackerman and Douglas (4) enables one to overcome the 
difficulty in detaching monocytes, by precoating plastic sur-
faces with microexudate of an adherent fibroblast cell line. 

Using any of the described methods, only 50% or less of 
the monocytes can be recovered with high purity, thus the 
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purification procedures also involve selection of populations 
on the basis of particular biophysical properties that dis-
tinguish them from the lymphocytes. It is very likely that 
the cell populations obtained differ with the isolation pro-
cedure used. The choice of a particular monocyte isolation 
technique may depend on the requirements of the investigator 
and the nature of the functions studied. 

In our technique (5)r we have used EDTA-reversible attach-
ment of monocytes to autologous serum-coated plastic surface. 
Use of autologous serum minimized introduction of foreign pro-
teins, and eliminated the necessity of maintaining adherent 
cell lines for coating the flasks, thus saving effort and time 
in the coating procedure. The monocytes obtained are mostly 
viable and contain <2% lymphocytes, and up to 70% of the mono-
cytes can be recovered from the mononuclear cell suspension. 

II. REAGENTS 

RPMI-1640 
Ficoll - Hypaque (LSM, Litton Bionetics, Kensington, 
Maryland) 

Versene (1 : 5000 Gibco Laboratories, Grand Island, New 
York) 

Fetal calf serum (FCS), heat inactivated 30 min at 56°C 
Autologous serum: not heat inactivated. The serum can 

be stored at -20°C until the same donor is bled for 
cell isolation 

Plastic tissue culture plates (60 mm Falcon Plastics, 
Oxnard, California, No. 3002) 

Phosphate-buffered saline (PBS) pH 7.2 
Conical tubes, 50 ml 

III. PROCEDURES 

Ά. Coating of Plates 

Plastic tissue culture plates (60 mm) are overlayed with 
2 ml autologous serum and incubated at 37°C in a humidified 
incubator for 15 min. The plates can be left with the serum 
until the mononuclear cells are ready for plating. The serum 
is removed, and the plates are immediately used. 
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B. Mononuclear Cell Isolation 

Heparinized blood (20 U/ml) is diluted in PBS 1:1. Each 
35 ml is underlaid with 15 ml Ficoll - Hypaque (which is pre-
warmed to room temperature) in 50-ml conical tubes and centri-
fuged at room temperature at 400 g for 25 min. The interface 
cells are diluted in excess PBS and centrifuged at 500 g for 
10 min, then twice at 100 g for 12 min to remove platelets (3). 
All centrifugations are done at 4°C. 

C. Preparation of Monocytes 

The mononuclear cells are adjusted to 3 - 4 x 10° cells/ml 
in RPMI supplemented with 10% autologous serum or 10% FCS de-
pending on the individual needs of the investigator (see below 
Section IV. A). Each precoated plate receives 5 ml of the cell 
suspension and is incubated 1 hr at 37°C in a humidified C02 

incubator. After incubation, 3 ml of the medium is removed 
from the plates and the nonadherent cells are resuspended by 
gently squirting the remaining 2 ml of medium in and out with 
a Pasteur pipette (rinsing the plate several times). The sus-
pended nonadherent cells, containing variable numbers of mono-
cytes , are removed and can be used for lymphocytes preparation. 
The plates are rapidly rinsed with several changes of RPMI 
prewarmed to 37°C, and examined under an inverted microscope 
to determine if all the nonadherent cells were removed. The 
medium is then replaced by 4 ml of Versene. After 15 min in-
cubation at room temperature, variable number of monocytes are 
released from the plastic, and the remaining monocytes are 
loosely adherent. (Following the initial 1 hr incubation at 
37°C, the monocytes are spread on the surface, but the cells 
round up after the incubation in Versene.) One milliliter of 
serum is added to the Versene, and the loosely adherent mono-
cytes are scraped off with a rubber policeman. Scraping the 
monocytes in the presence of serum improves the viability and 
decreases clumping during centrifugation. Monocytes from 
several plates can be pooled, centrifuged at 400 g for 10 minr 
and resuspended in the medium required for further procedures. 
The cells are kept at 4°C, counted, diluted, and used imme-
diately to prevent clumping and sticking to the tube. If the 
monocytes cannot be further processed immediately, they should 
be kept pelleted in the tube on ice until ready to use. 
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IV. CRITICAL COMMENTS 

A. Use of Serum for Isolation 

Coating the plates with autologous serum rather than FCS 
improves the yield and purity of the monocytes recovered. 
Supplementing the cell suspension during the plating, with 
either 10% autologous serum or 10% FCS, results in similar re-
covery and purity. However, we have found that the cells dif-
fer in their activity. Monocytes recovered from FCS-supple-
mented suspensions were more effective in tumor cell-killing 
assays (5). The difference might be due to either the effect 
of the serum combination or to selection of different cell 
populations. Thus, the serum combination used depends on the 
type of studies to be done with the monocytes. Pooled human 
AB serum can replace autologous serum, but the introduction of 
foreign proteins should be considered. The autologous serum 
used is not heat inactivated, since heat-inactivated serum can 
cause clumping of the monocytes (6). 

JB. Purity 

To determine the percentage of monocytes in different cell 
preparations before and after fractionation, slides are pre-
pared from each suspension using a cytocentrifuge (Cytospin, 
Shandon Southern). The cells can be stained with Wright 
stain, nonspecific esterase (7), or a peroxidase stain (8). 
Contamination by less than 1% lymphocytes can be reproducibly 
achieved by our procedure. 

C. Yield 

Fifty to 70% of the monocytes present in the mononuclear 
cell preparation can be recovered after the adherence. The 
number of monocytes in the mononuclear cell suspension varies 
with different donors. Thus, the number of monocytes re-
covered can vary between 1 to 5 x 105 monocytes from each 
milliliter of blood. 

£>. Using the Monocytes as Effector Cells 

The monocytes suspended by EDTA readhere easily when the 
EDTA is removed. The cells can be plated in any vessel if 
used immediately, and most investigators use flat bottom wells 
or cover slips. However, when in vitro manipulations precede 
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the assay, various number of monocytes may detach and result 
in a selected adherent population of cells different from the 
original population. For example, incubating the monocytes 
overnight in RPMI supplemented with 10% FCS results in detach-
ment of a high proportion of the cells while very few are lost 
after incubation in medium supplemented with autologous serum. 
To overcome this difficulty, the highly purified monocytes can 
be plated in V-shaped wells and centrifuged before the medium 
is aspirated. This is especially advantageous when the assay 
itself involves several changes of medium. 
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