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OBTAINING MONONUCLEAR PHAGOCYTES FROM 
DISAGGREGATED NEOPLASMS 

Stephen W. Russell 

I. INTRODUCTION 

Since Robert Evans first conclusively demonstrated the 
presence of macrophages in animal neoplasms (1), investigators 
in many other laboratories have confirmed that most tumors, 
including those of man, contain substantial numbers of mono-
nuclear phagocytes. Isolation and functional characterization 
are now key to determining what roles these cells have in the 
biology of neoplasia. The approach described here (2) is one 
that has permitted isolation of mononuclear phagocytes from a 
variety of tumors for the purpose of assaying cytotoxic acti-
vity (3,4), prostaglandin production (5), membrane perturba-
tion associated with exposure to lipopolysaccharide (6), and 
their effects on the in vitro development of cytolytic activi-
ty by T lymphocytes (7). The principal advantage of the meth-
od is that it will provide good recoveries of highly enriched 
populations of functional mononuclear phagocytes. 
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II. REAGENTS AND MATERIALS 

A. Enzymes 

Generally, a combination of trypsin (e.g., trypsin solu-
tion, 2.5%, Flow Laboratories, Rockville, Maryland), collage-
nase (e.g., CLS II, Worthington Biochemicals, Freehold, New 
Jersey) and deoxyribonuclease (e.g., DNase 1, Calbiochem, 
La Jolla, California) has proved most effective. The most 
efficacious combination can be chosen by means that have been 
described previously (2). The concentrations of trypsin and 
collagenase that we have found most useful are 100 yg/ml each, 
and for DNase 25 yg/ml. For each system, the appropriate com-
bination of enzymes and the minimum effective concentration of 
each should be determined experimentally, however. Crude en-
zymes often work better than those that are highly purified, 
presumably because of the synergistic effects of other enzyma-
tic activities that contaminate these preparations. Supplier-
to-supplier variation, as well as batch-to-batch variation 
from the same vendor, should be expected if relatively crudely 
purified enzymes are used. We have found it most convenient 
to prepare and store each enzyme frozen in a concentrated 
(100-1000X) stock solution. The working enzyme mixture is 
prepared just before it is needed by thawing and mixing the 
stock solutions, after which the mixture is diluted appropri-
ately with tissue culture medium. 

B. Medium 

1. Tissue Culture Medium 
We have used either Eagle's minimun essential tissue cul-

ture medium (MEM) or Hank's balanced salt solution. In either 
case, it has proved helpful to buffer with 15 mM HEPES. 

2. Fetal Bovine Serum 
This reagent is used both to stop proteolytic activity and 

for the maintenance of cells after they have been isolated. 

C. Equipment 

1. Scalpel blade — used for mincing tumor tissue. Pre-
ferred type is No. 11, sterile. 

2. Dental wax — sheets of this material, sterilized by 
storage for 24 hr or more in 70% ethanol, are ideal as a sur-
face on which to mince tumor fragments. Little dulling of the 
scalpel blade is produced. One source is No. 10 wax; 5 lb; 
Kerr Laboratory Products Division, Sybron Corporation, Emery-
ville, California. 
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3. Digestion flask — a 100 ml Berzelius beaker (looks 
like a standard beaker, but without the pouring spout; 
Scientific Products, McGaw Park, Illinois) with a magnetic 
bar suspended from a stopper that seals the beaker completely, 
should be used. We have used the stopper (No. 10), impeller 
assembly and glass shaft from a spinner culture flask (Bellco, 
Vineland, New Jersey; catalogue numbers 1969-80050, 1969-
30050, and 1969-70050, respectively). 

4. Stirring apparatus — a nonheating magnetic stirrer, 
or a standard magnetic stirrer with several pieces of insula-
tion (as asbestos) between stirrer and digestion flask can be 
used. We routinely employ a 9-place stirrer of the type that 
is used for spinner flasks (Bellco). 

5. Tissue culture plate with 16-mm diameter wells 
(e.g., tissue culture cluster 24, No. 3524, Costar, Cambridge, 
Massachusetts or Bellco). 

6. Mechanical pipetting device, for example, "Pipet-Aid" 
(Drummond Scientific, Broomald, Pennsylvania or Bellco). 

III. PROCEDURE 

A. Harvest of Tumor 

The tumor or tumors should be excised aseptically into 
ice-cold medium. Representative material should be taken for 
histologie examination. Obviously necrotic areas should be 
removed. To ensure representative sampling for disaggregation, 
as much of the viable tumor or tumors should be processed as is 
practicable. 

B. Mincing of Tumor Tissue 

Excessive mincing should be avoided, as this tends to in-
crease mechanical injury. Fragments 2-3 mm in their greatest 
dimension have provided us with the best cell recoveries. 
Tumors should be minced with a scalpel blade rather than a 
razor blade, as the latter dulls more rapidly and begins to 
crush tissue. A No. 11 scalpel blade is preferable, because 
its long, straight cutting edge fosters slicing rather than 
chopping. As soon as it is clear that tissue is "dragging" 
under the blade, rather than cutting cleanly, the old blade 
should be discarded in favor of a new one. Fragments should 
be washed twice, in serum-free medium, to remove debris and 
endogenous serum proteins. Shaking them vigorously in a half-
filled, 50-ml centrifuge tube, followed by removal of the wash 
medium, is a convenient way to accomplish this washing step. 
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C. Disaggregation 

Place up to 1 gm of fragments in the disaggregation flask 
and add 15 ml of the warmed (37°C) enzyme mixture. Place the 
stirring assembly in the disaggregation flask, so as to seal 
its mouth completely. Begin stirring in a 37°C incubator at 
a speed sufficient to agitate fragments vigorously, but not so 
fast as to cause frothing. Ensure that the suspended stirring 
bar does not touch either the sides or bottom of the flask, 
thereby avoiding mechanical crushing of the tissue. Continue 
stirring for 20-30 min, after which time the supernatant me-
dium, containing free cells, is removed by pipette. The har-
vested supernate is immediately added to 1.5 ml ice-cold fetal 
bovine serum and the cells are removed by centrifugation. 
Fresh enzyme mixture is added to the fragments for further 
stirring. The entire process is repeated until the desired 
number of cells has been obtained. Cell yields at each har-
vest may increase with time and can sometimes be accelerated 
after 1-2 hr (when stromal attachments of cells have presum-
ably been loosened) by the application of gentle, mechanical 
force. The most effective means we have found is gentle aspi-
ration into, and expulsion from, a plastic 10-ml pipette. We 
enlarge the orifice of the pipette by reaming it out with a 
sterile, No. 11 scalpel blade, thereby reducing shearing 
forces to a minimum. 

D. Pooling of Harvested Cells 

After cells have been removed from the serum-neutralized 
enzyme mixture, they are resuspended in ice-cold tissue cul-
ture medium containing 10% fetal bovine serum. While dis-
aggregation progresses, the already harvested cells are held 
in a polypropylene centrifuge tube, on ice, with occasional 
gentle shaking to keep the cells from settling to the bottom. 

E. Preparation of Monolayers 

Of the cells in the resultant suspension, mononuclear 
phagocytes are usually the first to adhere to glass or plastic 
surfaces. Advantage can be taken of this fact to enrich the 
mononuclear phagocyte population dramatically. If the number 
of mononuclear phagocytes is low, or there are many cells of 
other types that have the ability to adhere rapidly (e.g., 
some tumor cells or neutrophils), then an initial enrichment 
step may be needed. We assume here that such a step is not 
needed. 
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1. Preparation for Plating 
Warm the tissue culture plate to 37°C. Warm the cell sus-

pension, containing approximately 5 x 10^ total cells/ml, to 
37°C in a water bath. Minimize the time the cell suspension 
is held at 37°C, as after a short time mononuclear phagocytes 
will clump and begin to adhere, even to the walls of polypro-
pylene or siliconized glass tubes. 

2. Plating of Cell Suspension 
Add 0.5 ml of the warmed cell suspension (2.5 x 10^ cells) 

to each 16-mm diameter well. After all wells are seeded, re-
place the plate in the 37°C incubator. Shake it at right 
angles just before replacing the plate, as the motion genera-
ted by walking will have produced a slight vortex, tending to 
move cells to the center of the well. If the plate is not 
shaken, uneven distribution will result. After 5 min, remove 
the plate and vigorously shake it several times at right an-
gles to resuspend weakly adherent and nonadherent cells. Re-
place the plate in the incubator for 5 min more. Repeat the 
shaking. Aspirate the medium containing nonadherent cells, 
add fresh medium, and shake again. Aspirate and wash again. 
Add the medium that is desired for culture. 

3. Increasing the Population Density of the Monolayer 
If too few cells have adhered, rather than wash after the 

first plating, add another 0.5 ml of the crude cell suspension 
per well and repeat the above process. Continue until the de-
sired population density has been achieved. Then wash. This 
approach can also be used to produce a series of wells in the 
same plate of differing population densities, for example, one 
row of four platings, one of three, one of two, and one where 
a single exposure is used. When this course is taken, begin 
seeding with the row that will receive the most platings there-
by eliminating cell losses that can be associated with exces-
sive agitation of cell free medium on newly formed monolayers. 

F. Quantification of Adherent Cells 

1. Direct Counting 
Using an inverted microscope and a calibrated, gridded 

ocular, the number of adherent cells can be estimated with a 
fair degree of accuracy. The accuracy of this approach de-
creases as the population density increases. Multiple counts 
should be made on the same well, after which the mean value 
is used. Knowing the area of the grid and the total area of 
the well bottom, the total number of cells in the well can be 
computed. Wells in which cells are not uniformly distributed 
should not be counted. 
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2. DNA Analysis 
Using an assay for DNA, such as that described by Cookson 

and Adams (8), the number of cells per well can be estimated 
from a standard curve that is produced using known numbers of 
cells of similar type. 

3. Differential Analysis of Monolayers 
It is essential that the percentage of macrophages in the 

monolayers be determined. Other techniques described in this 
volume can be used, but we have found morphologic examination 
coupled with phagocytic uptake especially useful (see Taffet 
and Russell, this volume). For microscopic examination of the 
monolayers, well bottoms can be punched or cut out (using a 
heated, No. 11 scalpel) after cells have been fixed (methanol) 
and stained (Giemsa or Wright). For precise studies at high 
power, immersion oil is placed on the fixed, stained monolayer, 
after which a coverslip can be applied. 

IV. CRITICAL COMMENTS 

The pitfalls associated with the isolation of immune 
effector cells from solid tumors have recently been reviewed 
(9). To summarize, the principal considerations are (1) loss 
of cells during disaggregation and possible introduction, 
thereby, of selective bias; (2) the effects of enzymes on 
isolated cells; and (3) contamination of the resultant effec-
tor cell population with cells of other types. In each of 
these areas, there is no absolute way of solving the problems 
that are inherent in isolating cells from tumors. Each in-
vestigator must, therefore, address these problems in the 
specific tumor system he or she is using. For example, there 
may be no need to use enzymes on a tumor that is friable and 
subject, therefore, to gentle mechanical dispersion. Thus, 
the method described here should be regarded as one that may 
have to be modified in accordance with the needs of the indi-
vidual investigator. 
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