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QUANTIFICATION OF CYTOLYSIS OF NEOPLASTIC CELLS 
BY RELEASE OF CHROMIUM-51 

Stephen W. Russell 

INTRODUCTION 

Release of Cr from prelabeled target cells is a con-
venient and objective means of measuring damage to target cell 
membranes. Lysis (or membrane changes that herald lysis) is 
characterized by increased plasma membrane permeability and, 
thus, an increased rate of leakage of this cytoplasmically 
localized radioisotope. Such increased release can be quanti-
fied in a gamma spectrometer, with the standard deviation be-
tween samples assayed in triplicate being <2% of the total re-
lease (freeze - thaw) value. No scintillant is required, 
thereby reducing costs over isotope release assays that re-
quire beta counting (It should be emphasized, however, that 
the sensitivity of the 51Cr release assay can be increased sig-
nificantly if radioactivity is quantified in a liquid scintil-
lation spectrometer.). The main disadvantage is a relatively 
high level of spontaneous, background release that decreases 
the usefulness of this technique if assays of >24 hr duration 
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are attempted. Spontaneous release increases markedly if 
target cells are mishandled during the labeling procedure. 

II. REAGENTS 

Note: All reagents should be tested to ensure that they 
are free of contaminating endotoxin. This is of extraordi-
nary importance in assays of mouse macrophage-mediated tumor 
cell killing (1). Although nonspecificity can be a problem 
(2), the most sensitive and reliable assay for endotoxin now 
generally available is the Limulus amebocyte lysate test. The 
assay is available in kit form (e.g., Associates of Cape Cod, 
Inc., Woods Hole, Massachusetts). 

(1) Minimum essential tissue culture medium (Eaglefs), or 
any other standard medium, buffered to pH 7.2 with 15 mm 
HEPES. 

(2) Fetal bovine serum, heated 30 min at 56°C and filtered 
to remove sediment. This reagent often is contaminated with 
endotoxin, unless special precautions are taken in its collec-
tion. A source that guarantees their product to be free of 
detectable endotoxin is Sterile Systems, Inc., Logan, Utah. 

(3) 5J-Cr, as Na2^
1Cr04 in sterile, isotonic saline (Amer-

sham Corp., CJS-11). 
(4) 16-mm or 6-mm Diameter, flat-bottomed wells in 24- or 

96-place plastic plates, respectively (available from a number 
of manufacturers, e.g., Costar or Linbro). 

III. PROCEDURE 

A. Preparation of Macrophage Monolayers 

The objective here is to obtain a confluent monolayer of 
mononuclear phagocytes. This is important because low popu-
lation density can depress or even prevent the expression of 
killing by cytolytic macrophages in this assay (3, 4). Be-
cause different mononuclear phagocyte populations behave dif-
ferently, it is impossible to generalize as to the number that 
should be added per well to ensure that a confluent monolayer 
is produced. The figures given below should be viewed, there-
fore, as suggestions and each investigator should derive a 
value for his or her own system and conditions. In all cases, 
it is helpful to perform a differential analysis on the start-
ing suspension so that cells can be seeded on the basis of num-
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ber of mononuclear phagocytes per well, rather than total cell 
number. 

1. 16-mm Diameter Wells 

Adjust the mononuclear phagocyte concentration to 
1 - 2 x 10^/ml. Add 0.5 ml to each well. Just before placing 
the plate into the incubator, shake it several times at right 
angles to ensure uniform distribution of cells after they have 
settled (movements caused by walking tend to create a vortex, 
resulting in uneven distribution of the macrophages). After 1 
hr (or longer, if necessary), wash monolayers by jetting 
medium onto them from a Pasteur pipette (or similar device) 
until nonadherent cells have been removed. Three washes will 
usually suffice. 

2. 6-7ΠΖΠ Diameter Wells 

5 
Seed between 1.5 - 2.5 x 10 mononuclear phagocytes per 

well in 0.2 ml (equivalent to 7.5 - 12.5 x 105/ml). Allow 
cells to settle and adhere for 1-2 hr. Wash the resultant mo-
nolayers, either by repeatedly jetting medium onto them from a 
Pasteur pipette, or by repeatedly throwing the medium out of 
the wells (by inverting the plate and sharply shaking downward 
several times), after which a drop of medium is rapidly added 
to each well to prevent drying. The drops of medium are vigor-
ously shaken in the wells, after which they are vigorously ex-
pelled. The number of washes needed will be governed by the 
extent to which cell types other than mononuclear phagocytes 
contaminate monolayers. In our hands, three washes usually 
have proved adequate. 

B. Preparation and Labeling of Target Cells 

If nonspecific, direct killing is being measured, try to 
choose a target cell that is antigenically unrelated to the 
system being investigated. By so doing, killing that is at-
tributable to antibody-dependent, macrophage-mediated cyto-
toxicity and/or T lymphocyte-mediated cytotoxicity can be 
avoided, if it is a potential problem. The target cell of 
choice is the P815 mastocytoma cell. This particular cell is 
characterized by a high degree of 51Cr retention and is sus-
ceptible to killing during the relatively short (16 hr) time 
that target cells are exposed to macrophages in this assay. 

The target cells should be certified free of contamination 
by mycoplasma and be in an exponential phase of growth. All 
forms of mechanical injury, such as vortexing, vigorous pi-
petting, violent shaking, high-speed centrifugation, etc., 
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should be avoided during the labeling procedure or background 
release will be markedly increased. If adherent cells are 
used, they should not be exposed to trypsin (during removal 
from flasks) for any longer than necessary or, again, increased 
51cr leakage will result. 

Centrifuge (200 g, 5 min) the cells. Resuspend in approxi-
mately 0.5 ml of medium containing 10% FBS. Add approximately 
250 yCi of ^Cr. Bring the final volume to 1 ml with medium 
+ 10% FBS. The batch of chromium used should ideally be no 
more than one month old, as the decay products of Ĵ-Cr ar e 
toxic to cells. The incubation should be conducted in a coni-
cal, 50-ml, polypropylene centrifuge tube. A lead container 
should be placed in a 37°C water bath for this purpose. With 
gentle shaking at 10 - 15 min intervals, the incubation should 
be continued for 1 hr. Terminate the uptake of -^Cr by diluting 
the cells (and 51cr-containing medium) to 50 ml with warm 
(37°C) medium containing 10% FBS, in the same tube that was 
used for the incubation. Cap and mix gently by inverting the 
tube several times. Pellet the cells (200 g, 10 min) and remove 
all of the supernatant medium. Add a few drops of fresh medium, 
flick the bottom .of the tube several times to resuspend the 
cells (as gently as possible) and dilute up to 10 ml using 37°C 
medium containing 10% FBS. Return the cells to the water bath 
and incubate them by gently inverting the tube every 15 min for 
an additional hour. During this period dead and injured cells 
will leak their 51-Cr. This step is important in reducing the 
background level of 51-Cr release. After the hour has elapsed, 
pellet the cells as before, being certain to remove all super-
natant medium (it is important to allow the sides of the emptied 
tube to drain, after which the residiuum of 51cr-contaminated 
medium can be removed). After a few drops of fresh medium have 
been added, the tube should be flicked to resuspend the cells, 
after which they can be diluted to a convenient volume (usually 
5 ml) for counting. After a final adjustment in concentration 
is made, the labeled target cells are ready to use. If clumping 
has occurred, the larger of these can be eliminated by allowing 
them to settle out. If clumps are dispersed by vigorous pipet-
ting, background release probably will be increased. 

C. Conduct of the Assay 

With the target cells fully prepared for use, add whatever 
experimental reagents are needed to the assay wells, being sure 
to leave enough room in the well for the target cells. In the 
16-mm diameter wells targets are conveniently added in 0.5 ml, 
bringing the total volume in each well to 1.5 ml. For 6 mm-
diameter wells, we usually add targets in 0.1 ml, bringing the 
total volume to 0.2 ml. A useful number of targets per well is 
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10 or 10 for 16- and 6-mm diameter wells r respectively. Tar-
gets should be added using an automatic pipette that has a high 
degree of accuracy. Reproducibility well-to-well can be com-
promised at this step if care is not taken to ensure that a 
reproducible number of cells is dispensed into each well. With 
the large wells, after seeding care must be taken to shake the 
plate just prior to putting it into the incubator, thereby en-
suring that the target cells will settle evenly onto the mono-
layer. 

After 16 hr, supernate from each well should be removed for 
quantification of radioactivity that has been released into the 
medium. To harvest each 16-mm diameter well, the plate is 
tipped at about a 30° angle. One ml of medium is drawn up into 
an automatic pipette, expelled back into the well to mix the 
contents, and again withdrawn. It is then transferred to a 
12 x 75 mm tube, the number of which corresponds with that of 
the well. The procedure is repeated, using the same pipette 
tip for each of the three wells that constitute the replicates 
for a given sample. After harvesting has been completed, cork 
the tubes and centrifuge them (750 g, 10 min, 4°C) to sediment 
the cells. While this step is being performed, prepare a 
second set of tubes with the same series of numbers. After 
centrifugation has been completed, transfer 0.5 ml of the cell-
free supernate (using the automatic pipette) from each centri-
fugea tube into the correspondingly numbered tube in the new 
set. Cork and quantify the radioactivity in a gamma counter. 
If the Costar 24-place plate is used, it will fit into a cen-
trifuge carrier that is designed to hold the 96-place, micro-
titer plate (e.g., the carrier made by Dynatech Laboratories, 
Alexandria, Virginia). After mixing the supernatant medium in 
each well as described, use of such a carrier will eliminate 
the need for centrifugation in tubes, as the suspended cells 
can be sedimented in the wells. For the smaller, 6-mm diameter 
wells, it is possible to avoid mixing and centrifugation al-
together. The upper 0.1 ml of supernatant medium is simply 
aspirated for counting using a microliter pipette, being care-
ful not to introduce the tip of the pipette any deeper into 
the well than is necessary. 

Controls for spontaneous release should consist of target 
cells incubated for 16 hr, either alone or on monolayers of 
thioglycollate-elicited, peritoneal macrophages. The presence 
of the noncytotoxic macrophages usually enhances retention of 
label by the targets, compared to cells cultured alone. Maxi-
mum release of the label is determined by adding target cells 
to each of three tubes containing distilled water. The volume 
of target cells and distilled water should be appropriate for 
the well size being used, e.g., 0.1 ml of targets and 0.1 ml 
of distilled water for the 6 mm diameter wells. Freeze - thaw 
tubes are held overnight at -20°C, and then thawed and frozen 
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twice more (ethanol/dry ice bath) during the next morning. 
After the third round of freezing and thawing, the tubes are 
mixed by vortexing (very important) and then centrifuged 
(750 g, 10 min, 4°C) to remove cell debris. A sample of cell-
free supernate is then removed from each tube for counting. 

IV. CALCULATION OF DATA 

Two types of values must be reported for each assay: 
background release and percent-specific ^ C r release. 

A. Background Release 

This is reported as the percentage of the total releasable 
counts that is released spontaneously from the target cells 
per hour. The calculation for a 16-hr assay is 

„ _ ., n Total spontaneous release 
% Release/hr = — τ ^ ir ; x 100 

16 x freeze - thaw release 

B. Percent-Specific Cr Release 

The calculation is 

% Specific _ Exp. release - total spont. release 
^Cr release Freeze - thaw release - total spont. release 

This value should be reported as the arithmetic mean ±1 
standard deviation. 

V. CRITICAL COMMENTS 

51 
The Cr release method of quantifying mononuclear 

phagocyte-mediated cytolysis has as its main advantages the 
relatively short duration of the assay and its reproducibility 
well-to-well. Chief among its disadvantages is the relative 
high background release. With care the level can be reduced 
to acceptable limits, however. For example, one can expect a 
rate of 1 - 1.5%/hr with the P815 target, resulting in release 
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of from 16 - 24% of the total label in 16 hr. Another disad-
vantage is that not all target cells retain 1̂-Cr well, result-
ing in unacceptably high levels of background release with 
some cells, no matter how careful one is during the labeling 
procedure. Conversely, not all target cells release 51-Cr well 
after they are injured, and some may resist injury during the 
relatively short exposure to macrophages that is a character-
istic of this assay. Thus, one should consider this a rela-
tively specialized method that works best when used with a tar-
get such as the P815 mastocytoma cell. This limitation is not 
as great a detraction as it may first appear to be, however, 
as in correlative experiments we have found that macrophages 
that killed P815 cells were capable of killing many other kinds 
of tumor cells when they were examined using the longer cyto-
toxicity assays, e.g., [^H]-thymidine release, even though 
killing of these same target cells was not detectable using the 
51-Cr release assay. 
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