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ASSESSMENT OF CYTOLYSIS OF TUMOR CELLS 

BY RELEASE OF [ i]IODODEOXYURIDINE 

Ronald B. Herberman 

I. INTRODUCTION 

I-Iododeoxyuridine ( IUdR) is a useful compound for 
labeling a wide variety of tumor cells and other cells. 
12^IUdR is incorporated into target cell nuclear DNA in place 
of sterically similar thymidine. There is very little or no 
spontaneous release of radioisotope from living cells and re-
utilization is minimal. Therefore, release of this isotope 
from cells into the supernatant is a direct and quantitative 
reflection of the proportion of cells being killed and losing 
their structural integrity (1). ^2^IUdR release assays have 
been successfully used for measurement of humoral and cell-
mediated cytotoxicity of a variety of adherent and suspension 
animal and human tumor cell lines (1 - 8). Results with this 
label have compared favorably with those obtained with other 
isotopes (9). Although -^^IUdR has not been as widely used as 
pH]thymidine or ^Cr for assays of cytolysis by macrophages, 
the studies that have been performed with 12^IUdR have had 
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satisfactory results with a variety of different cells (e.g., 
10 - 13)· Target cells labeled with this radioisotope should 
also be useful in exploring the in vivo role of macrophages in 
resistance to tumor growth, as has been done recently with 
natural killer cells (14, 15). 

Assays that measure the release of IUdR or [ H]thymidine 
over an incubation period of 48 - 72 hr are sufficiently sensi-
tive to detect cytolytic activity by normal rodent or human 
macrophages or monocytes (e.g., 16, 17) as well as the higher 
reactivity of in vivo or in vitro activated macrophages. 

II. REAGENTS 

(1) Sterile plastic tissue culture flask, 75 cm (3024, 

Falcon Plastics, Oxnard, California) 

(2) Sterile 50-ml graduated conical plastic centrifuge 

tubes (Falcon Plastics, Oxnard, California) 

(3) Plastic perti dishes, 10 cm (Falcon, Oxnard, California) 

(4) Sterile plastic pipettes 

(5) Microtest plates, 6.4-mm flat-bottomed wells (3596, 

Costar, Cambridge, Massachusetts) 

(6) Biopette (1 ml Biopette, Schwarz/Mann, Orangeburg, New 

York 10962) 

(7) RIA Microharvest Tips (Cooke Engineering, Rockville, 

Maryland) 

(8) Counting tubes for gamma counting or vials for scintil-

lation counting 

Other equipment includes: 

Standard microscope with hemocytometer 

Coulter counter (Model Z, Coulter Electronics, Hialeah, 

Florida) 

Incubator with 5% CO2 humidified atmosphere (37°C) 

Mash II automatic harvester (Microbiological A s s o c , Bethes-

da, Maryland) for suspension target cells 

Gamma counter (Beckman Biogamma, Irvine, California 92664) 

Beta scintillation counter (Isocap 300, Searle Analytic, 

Inc., Des Plaines, Illinois 60018) 

Solutions and Chemicals 

Incubation media. A variety of incubation media can be 
utilized for this test. The tissue culture media in which the 
cells are normally carried are satisfactory for the assay. Our 
assays are all done in RPMI 1640 medium with 10% fetal bovine 
serum (Biofluids, Rockville, Maryland). Hanks' balanced salt 
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solution (BSS) or phosphate-buffered saline (PBS) is utilized 
to wash the cells. 

Trypsin. 0.25% crude trypsin-EDTA, GIBCO, Grand Island, 
New York was used as needed to detach cells for labeling. 

Antibiotics. For the assay, the media utilized are supple-
mented with 50 yg/ml gentamiein (Schering Corp., Kenilworth, 
New Jersey). 

l2^Iododeoxyuridine. 125IU(^R (New England Nuclear, Boston, 
Massachusetts or Amersham Searle, Arlington Heights, Illinois). 
Stock solutions of 50 yCi/ml are prepared on arrival by dilution 
with RPMI 1640 medium. The stock solution is stored at 4°C. 

Fluorodeoxyuridine (FUdR) 10~"4 molar stock solutions were 
prepared. This chemical has been obtained from Hoffmann La-
Roche, Nutley, New Jersey as well as from the NIH Chemotherapy 
Branch. FUdR stock solution is kept at 4°C but the FUdR con-
centrated solution (10~2M) is held frozen at -70°C. 

If liquid scintillation counter is used: Aquasol beta 
scintillation fluid (New England Nuclear, Boston, Massachusetts 
02118). Because water is present in the samples to be counted, 
a scintillation fluid that will tolerate water is necessary. 

C. Effector Cells 

For studies of natural cytolytic activity of macrophages, 
peritoneal macrophages from normal mice or rats or peripheral 
blood monocytes from normal human donors may be used. For 
studies of cytolysis by activated macrophages, in vivo or in 
vitro stimulated macrophages are used. 

1. Normal Mouse Macrophages 

Peritoneal macrophages from most strains of mice [main ex-
ception, C3H/HeJ (16)] have substantial levels of natural cyto-
lytic activity. Peritoneal cells are collected immediately 
from intraperitoneal injection of 10 ml of RPMI 1640 medium con-
taining heparin (40 U/ml, GIBCO, Grand Island, New York). The 
resident peritoneal cells are washed twice with PBS and resus-
pended in culture medium with 10% FBS. Adherent cells can be 
obtained by either of the following methods: 

(a) Ten to 15 ml of cell suspensions are seeded in tissue 
culture flasks and incubated for 45 min at 37°C. Nonadherent 
and loosely adherent cells are removed by vigorous agitation 
and the flasks are then thoroughly washed five times with 20 ml 
of culture medium. Adherent cells are then recovered from the 
flasks by scraping with a rubber policeman, washed with 50 ml 
of PBS, and resuspended in culture medium with 10% FBS. 

(b) According to the method of Ackerman and Douglas (18), 
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microexudate-coated tissue culture flasks can be used to obtain 

adherent cells. 

Adherent cells prepared by the two methods showed no dif-

ference in cytotoxic activity or yield (25 - 30%). However, the 

cells from the microexudate flasks had higher viability (99% 

versus 65 - 75% after scraping with rubber policeman). By 

either method, 97 - 99% of the adherent cells were macrophages, 

capable of ingesting latex particles, 

2. Activated Mouse Macrophages 

(a) In vivo activated macrophages: Macrophages can be har-

vested from the peritoneal cavity of mice pretreated with vari-

ous stimulants. Two suitable procedures are the following: 

(i) Bacille Calmette-Guerin (BCG), 1 - 3 x 1 0 7 viable or-

ganisms intraperitoneally, 7 - 1 4 days before harvest. 

(ii) Corynebacterium parvum (Burroughs Wellcome, Research 

Triangle Park, North Carolina), 2.1 mg intraperitoneally, 7 - 1 1 

days before harvest. Adherent peritoneal cells are harvested as 

described above. 

(b) In vitro activated macrophages: Adherent peritoneal 

cells from normal mice are harvested as described above. These 

cells, at 5 x 10^/0.1 ml are seeded into each well of micro-

plates and incubated for 45 min at 37°C. After washing, 0.1 ml 

of culture medium with 10% FBS is added to each well. To 

evaluate the in vitro activation of macrophages by lymphokines, 

0.1 ml of a lymphokine-containing supernatant is added to the 

wells. The lymphokine supernatants may be left in throughout 

the 48-hr assay, since they did not affect the percentage cyto-

lysis of target cells in the absence of effector cells. 

Lymphokine supernatants, suitable for activation of macro-

phages, may be prepared by stimulation of lymphoid cells with 

mitogens or antigens in vivo or in vitro. One method that we 

have used for producing active supernatants has been to immunize 

C3H/HeN mice with BCG, by intradermal inoculation of 2 - 3 x 1 0 6 

viable organisms (Phipps strain, Trudeau Institute, Saranac Lake, 

New York). After 3 - 6 weeks, the spleen cells from these mice 

(5 x 106/ml) are incubated for 4 hr at 37°C with 100 yg/ml puri-

fied protein derivative (PPD), washed twice by centrifugation at 

150 g for 10 min, suspended at 5 x 106/ml and incubated at 37°C 

in a humidified 5% CO2 incubator for 48 hr. The culture super-

natants can be stored at -70°C until use. 

3. Normal Human Monocytes 

Heparinized (40 U/ml, GIBCO, Grand Island, New York) peri-

pheral venous blood (50 - 300 ml) are obtained from normal adult 
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donors and diluted 1:4 with PBS. Alternatively, leukocytes are 
obtained by leukophoresis or plateletpheresis. Mononuclear 
cells are separated by centrifugation at 400 g for 30 min on 
Ficoll-Hypaque (LSM, Litton Bionetics, Kensington, Maryland), 
washed twice with FBS, and then resuspended at 1 x 10^/ml in 
culture medium with 10% FBS. Adherent cells are then obtained 
by either of the two procedures described in Section II.C.l. 
The yields and viabilities of monocytes harvested by the micro-
exudate method (mean of 5.9% of mononuclear cells and viability 
> 90%) have generally been higher than those obtained by 
scraping (mean yield of 5.3% and viability of 70%). By either 
procedure, > 90% of the adherent cells were monocytes, as as-
sessed by morphology, nonspecific esterase staining (19) or la-
tex phagocytosis. 

4. In vitro Activated Human Monocytes 

Monocytes are prepared as described above and added to the 
wells, followed by a lymphokine-containing supernatant, to give 
a total volume of 0.2 ml. Target cells are then prepared and 
about 60 min later added to the wells in a volume of 0.1 ml. 
As with the mouse macrophages, the presence of lymphokine-
containing supernatants throughout the 48-72 hr assay did not 
affect the percent release in the medium controls. 

Supernatants of lymphocytes cultured with phytohemagglutinin 
(PHA), PPD (for skin test positive donors) or C. parvum have all 
been quite effective in increasing the levels of macrophage-
mediated cytolysis (20). 

The procedure for preparing lymphokine-containing superna-
tants with PHA or PPD is as follows: Peripheral blood mononu-
clear cells, depleted or firmly adherent monocytes but still 
containing 2 - 4 % monocytes, are cultured at 2 - 5 x 10^/ml in 
plastic tubes (2070 Falcon) in 7 - 10 ml culture medium in the 
presence of 10 yg/ml PHA (HA17, Wellcome Research Laboratories, 
Beckenham, England) or 20 g/ml PPD (Connaught Medical Research 
Laboratories, Toronto, Canada). After 20 hr at 37°C in a humi-
dified 5% CO2 incubator, the cells are washed three times with 
50 ml culture medium and after resuspension in the original 
volume, incubated for 24 (PHA) or 48 (PPD) hr. The culture 
fluids can either be tested immediately or stored at -70°C until 
used. 

D. Target Cells 

A wide variety of transformed target cells are sensitive to 
cytolysis by macrophages and are suitable for this assay. Ad-
herent target cells have been predominantly used but recent 
studies indicate that some suspension lymphoma cell lines are 
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particularly sensitive to macrophage-mediated cytolysis (21). 
Since reactivity by macrophages is not species-restricted, 
there is no requirement to use target cells from the same spe-
cies as the effector cells. Of the various adherent cell lines 
tested in our laboratory, the mouse line, TU5, and the human 
line, Gil, have been most susceptible to lysis (17). Nontrans-
formed fibroblasts have shown little or no susceptibility (16, 
22). Our standard target cell line, TU5, has been useful for 
studies with both mouse macrophages and human monocytes (16, 17). 
TU5, or more completely designated mKSA-TU5, is a BALB/c mouse 
kidney line transformed by SV40 (23). The cell line is main-
tained in Minimal Essential Medium plus 10% FBS in tissue cul-
ture flasks. 

III. PROCEDURE 

A. Labeling of Target Cells 

1. Adherent Monolayers 

Cells from confluent monolayers are harvested by exposure 
for 5 min at 37°C to 5 ml of trypsin-EDTA, diluted with at 
least 5 ml of RPMI medium plus 10% FBS to inhibit further action 
by the trypsin and counted. One - two million cells in 5 - 10 
ml are added to another flask, which is then incubated for 2 - 4 
hr to allow the cells to adhere and form a subconfluent mono-
layer. Then l2^IUdR, 2.5 yCi (optimal amount varies among cell 
lines and higher amounts are needed to label certain lines), 
plus 10~5 M FUdR are added and the flask is incubated at 37°C 
for 4 hr (overnight labeling time may be utilized, to result in 
higher radioactivity per cell, but this larger exposure may be 
toxic to some cell lines). It is desirable to achieve labeling 
at an average of 0.5 - 1 count per minute (cpm) per target cell. 
The rate of DNA synthesis, the amount of l^IUdR added, and the 
length of the labeling period are all significant factors that 
influence the level of radioactivity of the target cells (1). 

After labeling, the supernate in the flask is poured off 
and the monolayer gently washed twice with Hanks' BSS to remove 
excess isotope. Cells are then detached with trypsin-EDTA as 
described above, washed once with culture medium, and diluted 
to the appropriate concentration. 

2. Suspension Cells 

The same general procedure is used as for adherent target 
cells, with labeling done either in tissue culture flasks or in 



IX. DESTRUCTION BY MONONUCLEAR PHAGOCYTES 807 

tubes. Washing of cells and other steps requiring separation 
of supernatant from cells must be done by centrifugation rather 
than the pouring off of supernatants from monolayers. The sus-
pension cell lines, particularly lymphomas, are often more sen-
sitive to toxicity from the ^ IUdR and lower amounts of isotope 
(0.5 - 2 yCi) and short labeling times (2-4 hr) usually give 
optimal labeling and low spontaneous release during the assay. 

B. Assay Procedure 

Target cells (10 /well) are added to the test plates, fol-
lowed by a range of concentrations of macrophages (effector: 
target cell ratios usually from 40:1 to 1:1) to give a final 
volume of 0.3 ml RPMI 1640 medium plus 10% FBS. Before plating, 
an aliquot of target cells should be counted to assure that 
adequate labeling has occurred. Aliquots of the target cells 
are also placed in counting tubes, to be counted at the end of 
the assay along with the test samples, to give the total incor-
poration into the cells. Replicates of at least four for each 
group should be prepared. The plates are incubated at 37°C in 
a humidified incubator with 5% C02 in air for a period of 
48 - 72 hr. 

C. Harvesting of Assay and Counting of Radioactivity 

1. Adherent Target Cells 

At the end of the incubation, 0.1 ml of the supernatant can 
be removed with a 0.1 ml Biopette or with the RIA tips. With 
each cell line, some pilot studies need to be done to determine 
whether any of the target cells become detached spontaneously 
or during incubation with macrophages and thus are counted in 
the supernatant along with released isotope. This is done 
simply by centrifuging the culture fluid and separately counting 
the pellet and centrifuged supernatant. If appreciable radio-
activity is found in the pellets, the plates need to be centri-
fuged before removal of the supernatants. 

2. Suspension Target Cells 

For suspension targets, the simplest harvesting procedure 
is by the automatic harvesting apparatus (7). The labeled cells 
are retained on the filter paper, and the released isotope in 
the supernatant can be discarded or collected in counting tubes. 
The supernatants from adherent target cells can also be har-
vested by this procedure. 
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3. Measurement of Radioactivity 

125 
I emits both gamma and beta rays and therefore can be 

counted in either a gamma counter or in a liquid scintillation 
counter with comparable results. For gamma counting, the cpm 
can be determined directly from each sample. For beta counting, 
10 ml of scintillation fluid is mixed with each sample and, 
prior to counting, incubated at room temperature overnight to 
allow equilibration and to decrease chemoluminescence. 

IV. CALCULATION OF RESULTS 

One can determine the cpm in the supernatant, the cpm re-
maining in the cells, and the total cpm incorporated [measure-
ment of any two of these values allows calculation of the 
third, since cpm in total volume of supernatant (cpm in 0.1 ml 
aliquot x 3) plus cpm remaining in target cells = total cpm in-
corporated into cells]. The percentage cytotoxicity for each 
group is calculated as 

cpm supernatant 
total cpm incorporated 

Net lysis in test group is determined by subtracting the per-
centage spontaneous release of tumor cell incubated in the ab-
sence of effectors (medium control) from the percentage cyto-
toxicity of the test group. It is highly desirable to work out 
conditions with the target cells and labeling procedure to have 
the medium control be less than 30% over a 48-to 72-hr incuba-
tion period. 

V. CRITICAL COMMENTS 

A. Potential Advantages of 125IUdR as a Label 

125 
IUdR is an excellent marker for measuring target cell 

lysis. As with any nuclear label, the release of the isotope 
into the supernatant is strong evidence of cell lysis. How-
ever, it is necessary to rule out the possibility that some of 
the radioactivity in the supernatant is due to detached but 
still viable cells. Assays with this or other radioisotopes 
that only measure cpm remaining in the monolayer cells may ac-
tually measure a combination of cytolysis plus loss of adherence. 
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Some cytoplasmic labels, e.g., Cr and [ H]proline, appear to 
be released to some extent from cells without overt cell lysis 
and therefore may give high spontaneous release values and pos-
sibly optimistic indications of the levels of cytotoxic activi-
ty. Reutilization of -*-2 ÎUdR is minimal (1, 5) in contrast to 
some reutilization with [3H]thymidine. IUdR also produces 
cytostasis of most target cells: this can be both an advantage 
and a disadvantage. On the one hand, the inhibition of prolif-
eration will keep the effector :target cell ratios relatively 
constant over the period of the assay and prevent the labeled 
cells from being diluted out and cold target-inhibited by pro-
liferating unlabeled cells. However, it is possible that the 
cytostatic effects of the compound may alter the susceptibility 
of the target cells to lysis by macrophages. There is no clear 
evidence that this potential problem significantly affects the 
results, since direct comparative studies with other labels 
have generally given parallel results. 

125 
B. Potential Disadvantages of IUdR as a Label 

The main disadvantage of this isotope is that synthesis of 
DNA and hence replicating cells are necessary for incorporation. 
Thus, cells with metabolic but little or no replicative activity 
incorporated low amounts of IUdR into the nucleus, which may 
be insufficient for accurate quantitation of results. In gene-
ral, only established tissue culture cell lines are suitable for 
this isotope. ^"IUdR also has some inherent toxicity that must 
be assessed for each target cell (1, 6) . 

Another potential problem is that ^-25IUdR or other nuclear 
labels are usually not released immediately after cell death. 
Loss of integrity of the nucleus must occur prior to release of 
radioactivity. In some systems, it has been useful to treat 
target cells with trypsin at the end of the assay, to facilitate 
release of the label from damaged cells (5, 7, 8). However, 
with assays of 48 - 72 hr, this additional step is usually not 
required. 

The methods used to calculate results in assays of this 
nature can have an appreciable effect on the values reported. 
Calculation of data by a cytotoxic index will often indicate 
substantially higher levels of cytotoxicity than those seen 
with the percentage cytotoxicity calculation (5). Even among 
the procedures used for calculation of percentage cytotoxicity, 
substantial variation can be produced, depending on the denomi-
nator used in the formula. Use of the total cpm incorporated 
is rather conservative but appears to give a more stable and 
reliable value than that obtained by attempts at maximally 
lysing the targets cells with detergents or freezing and thaw-
ing. Some cell lines are very resistant to disruption by such 
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physical treatments and may give spuriously low values. A com-
mon practice is to subtract the spontaneous release values from 
the total cpm in the cells or from the maximal release. This 
procedure is of some concern, since it tends to magnify the 
levels of cytotoxicity when the spontaneous release becomes 
high. The problems with subtraction of the spontaneous release 
may be further compounded when the spontaneous release is ac-
tually a group containing normal macrophages in place of acti-
vated macrophages. This procedure masks the degree of natural 
macrophage-mediated cytotoxicity that can occur against the 
target cell, and in assays lasting 48 - 72 hr, this is usually 
appreciable (16, 17, 24). 
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