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CYTOLYSIS OF TUMOR CELLS 

BY RELEASE OF [3H-] THYMIDINE 

Monte S. Meltzer 

INTRODUCTION 

Mouse peritoneal macrophages activated during chronic lo-
calized infection with Mycobacterium bovis strain BCG develop 
nonspecific cytotoxic activity against a wide variety of tumor 
target cells in vitro (1, 2) . While exact mechanism(s) of 
cytotoxicity are poorly understood, macrophage cytotoxic ac-
tivity is effected through two major pathways: tumor cyto-
stasis or inhibition of growth and actual cytolysis (3). Either 
effect can be measured to quantify macrophage-tumor cell inter-
actions. Cytostatic effects of activated macrophages, however, 
are difficult to evaluate. Cells in culture (activated and 
normal macrophages, fibroblasts, and even tumor cells) may be 
cytostatic to other cells through poorly understood mechanisms 
collectively termed "contact inhibition of cell growth" (4). 
At the outset then, tumor cytolysis seems a more interprétable 
endpoint for quantitation of macrophage cytotoxic activity. It 
should be emphasized, however, that measurement of cytolysis as 
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a cytotoxicity endpoint would consistently underestimate the 
extent of macrophage - tumor cell interaction. 

The major problem in measurement of tumor cytolysis is that 
unlike the relatively rapid effects of antibody and complement, 
of sensitized lymphocytes, or even antibody and macrophages, 
tumor cytotoxicity by activated macrophages generally requires 
at least 18 - 24 hr to become evident. Cinemicroscopie analy-
sis of activated macrophage - tumor cell cultures revealed tar-
get cell death as early as 2 hr, but maximal toxicity was not 
seen until 20 - 30 hr (3). This long period of effector - tar-
get cell interaction before cytolysis can limit the choices for 
a radioisotopic cytotoxicity assay. Commonly used cytoplasmic 
labels such as 53-Cr m ay have a high "spontaneous release" of 
label over 20 - 30 hr (approximately 2%/hr). Nuclear labels 
such as [125jJuri(^:Lne o n the other hand may themselves inhibit 
normal target cell proliferation. Alterations in cell growth 
cycles induced by radiolabel may then profoundly affect macro-
phage - tumor cell interaction. The macrophage cytotoxicity 
assay with [3H] or [14C]thymidine-prelabeled tumor target cells 
avoids both problems: Spontaneous release of label (label re-
leased by tumor cells alone or cultured with normal macro-
phages) is consistently less than 10 - 15% of the total incor-
porated counts over 72 hr; growth rates of labeled and unlabeled 
target cells were identical by cinemicroscopie analysis (3, 5). 

II. PROCEDURE 

A. Activation of Mouse Peritoneal Macrophages 

(1) Clean and healthy animals are essential for accurate 

and reproducible assays of mononuclear phagocyte function. 

This point cannot be overemphasized. Mice obtained from many 

commercial sources have chronic inapparent infections. Sendai 

virus, LDH-virus, minute virus of mice, and mouse hepatitis 

virus are common contaminants. 

(2) Certain strains of mice with characterized genetic de-

fects in macrophage cytotoxic activity should be avoided: 

(i) strains with the defective Lps gene (C3H/HeJ, C57BL/10ScN); 

(ii) strains derived from the A strain (A/J, A/HeJ, AL/N); and 

(iii) the P/J strain (6). 

(3) Macrophage activation for tumor cytotoxicity by in vivo 
treatments in Mycobacterium bovis, strain BCG-infection, is one 

of the most consistent stimulants of activation in vivo. Ac-

tivated macrophages can be recovered 7 - 3 5 days after a single 

intraperitoneal injection of 1 x 10 6 colony-forming units of 

viable BCG (Phipps substrain, TMC No. 1029, Trudeau Mycobacte-
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rial Collection, Saranac Lake, New York). Other chronic acti-
vation stimuli include: (i) killed Corynebacterium parvum 
(Burroughs-Wellcome, Triangle Park, North Carolina) 70 mg/kg: 
harvest 7 - 2 1 days; and (ii) pyran copolymer (Hercules XA 124-
177, Hercules Chemical Corp., Wilmington, Delaware 25 mg/kg: 
harvest 7 - 2 1 days. 

Activated tumoricidal macrophages can also be harvested 
from peritoneal cavities of mice treated intraperitoneally 
24 - 48 hr previously with (i) 100 pg PPD (Connaught Medical 
Laboratories) in mice immunized intradermally with BCG 3 - 6 
weeks previously; (ii) 50 yg purified PHA (Burroughs-Wellcome, 
Research Triangle Park, North Carolina or (iii) 100 yg con A 
(Miles-Yeda, Rehovot, Israel) (7, 8). 

(4) Macrophage activation for tumor cytotoxicity by in 
vitro treatment with lymphokines. Lymphokines are prepared as 
follows: Spleens are removed and pressed through 50 mesh 
stainless steel sieves into 100-mm plastic petri dishes held 
on ice. The resultant splenic fragments in RPMI 1640 with 
buffer are passed through 19- and then 23-gauge needles. 
Single-cell suspensions are placed in polypropylene tubes on 
ice with 3:1 (v/v) erythrocyte lysing buffer (0.16 M NH4CI, 
0.01 M KHCO3, 10~4M Na2EDTA, pH 7.4) for 1/2 min. Lysed spleen 
cell suspensions are centrifuged at 300 g for 10 min at 4°C 
and resuspended to 5 - 10 x 106 leukocytes/ml in RPMI 1640 with 
25 mM HEPES buffer, 50 yg/ml gentamicin and 1 - 3 % heat-
inactivated (56°C for 30 min) fetal bovine serum. Spleen cell 
suspensions are then cultured in 20 ml of medium/75 cm^ plastic 
flask with 50 g/ml PPD (spleens from BCG-immune mice) or 
3 - 5 yg/ml con A (spleens from normal or BCG-immune mice) for 
48 hr. Sephadex G-10 (Pharmacia Fine Chemicals, Piscataway, 
New Jersey) 10 mg/ml is added to supernatants of con A-stimu-
lated spleen cells to remove the lectin. Supernatants can be 
stored at 4°C for 1 - 3 months or at -20°C for up to 6 months 
without loss of activity. Lymphokine activity for macrophage 
activation can usually be detected through a 1/30 dilution of 
active supernatant. As an alternative procedure, spleen cells 
can be suspended to 50 - 100 x 10^ cells/ml and cultured for 
4 hr with antigen or lectin in 50 ml polypropylene centrifuge 
tubes (volume should not exceed 20 ml). After incubation, 
cells are washed free of stimulant and cultured at 5 - 10 x 10" 
cells/ml in 20 ml/75 cm2 flask for 48 hr. 

Macrophages from sterile irritant-induced peritoneal exu-
dates are more responsive to lymphokine activation than resident 
peritoneal cells. We have found 0.02 M phosphate-buffered 
saline, pH 7.4, to be the most innocuous irritant. Agents such 
as mineral oil, casein, starch, or thioglycollate may remain 
within the macrophage and be continuously released into the 
medium through exocytosis. Peritoneal exudate cells are har-
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vested 18 - 36 hr after intraperitoneal injection of 1.0 ml 
PBS (9). 

B. Preparation of [H] Thy mi dine-Prelabeled Target Cells 

(1) Almost any adherent mouse fibrosarcoma can be used as 

the tumor target cell. The C3H/HeN fibrosarcoma, L-929, is 

readily available through several commercial sources. Tumor 

cells are grown in Dulbecco1s modified Eagle's medium with 

4.5 gm/liter glucose and 2.0 gm/liter NaHCC>3 supplemented with 

50 yg/ml gentamicin and 10% v/v heat-inactivated fetal bovine 

s er um. 

(2) Tumor cell cultures in log growth (about 40 - 60% con-

fluent) are labeled with 0.2 pc/ml [3H]thymidine (specific ac-

tivity 2 mCi/mmol) or [-^c]thymidine (specific activity 

50 mCi/mmol) for 16-24 hr in medium. [l4c]Thymidine is less 

toxic to target cells than an equal activity of [%]thymidine. 

(3) Radiolabeled tumor cell cultures are washed free of un-

incorporated label about 4-6 hr before use and cultured in 

medium. This interval decreases label in cytoplasmic pools and, 

in turn, decreases spontaneous release of label during assay. 

For harvest of target cells, monolayers are washed with Dul-

becco1 s modified PBS without C a 2 + or M g 2 + . Add 1.0 ml 0.25% 

trypsin in EDTA (GIBCO, Grand Island, New York) to each 75-cm2 

flask for about 1-2 min (trypsin solution must be warmed to 

37°C) and observe digestion under inverted microscope. When 

monolayer shows first signs of disruption, strike flask against 

bench surface to remove cells mechanically from the plastic. 

Add 10 ml medium with 10% fetal bovine serum and pipette cell 

suspension several times to separate clumps. Cell suspensions 

are washed twice in medium and resuspended to 0.4 x 10^ cells/ 

ml. Target cells should have no more than 10,000 cpm/4 x 1 0 4 

cells. %TdR-Incorporâtion above this level may be toxic. 

C. Tumor Cytotoxicity by Activated Macrophages 

(1) All cell and medium manipulations in this assay are 

easily and accurately done with a Biopette (Becton, Dickinson 

and Company) automatic pipette (adjustable to 1.0 ml in 0.1-ml 

intervals). Add 4 - 8 x 10 5 macrophages (not total peritoneal 

cells)/0.5 ml medium to 16-mm plastic culture wells (Linbro or 

Costar Plastics, Hartford, Connecticut and Cambridge, Massa-

chusetts. Incubate multiwell plates 37°C in 5% C 0 2 in moist 

air for 1 - 3 hr. 

(2) Adherent macrophage monolayers are prepared by washing 

peritoneal cell cultures with 0.7 ml warm medium delivered di-

rectly onto the monolayer through the Biopette tip. Medium in 
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the well can be aspirated through a 19-gauge needle attached 
to a cut tuberculin syringe connected to a trapped vacuum line 
by rubber tubing. The wash-aspirate cycle should be repeated 
three times. 

(3) Adherent peritoneal cells from mice treated with in 
vivo activation agents are cytotoxic without further treatment 

in vitro. However, the level of cytotoxicity decays with time 

in culture (about 3%/hr). By 24 - 36 hr in culture, in vivo-
activated macrophages have completely and irreversibly lost cy-

totoxic activity. 

(4) Adherent peritoneal exudate cells from PBS-treated mice, 

about 90% macrophages, can be activated by lymphokines for tumor 

cytotoxicity. Macrophages are cultured in dilutions of lympho-

kines for 4 - 12 hr (optimal activation occurs at about 8 h r ) . 

Lymphokine-treated cells are washed twice with warm medium and 

then cultured with 3HTdR-prelabeled tumor cells (6 - 8 x 1 0 5 

macrophages in 16-mm wells with 4 x 10^ target cells. 

(5) The level of cytotoxic activity by lymphokine-activated 

macrophages can be Synergistically increased by 0.1 - 10 ng/ml 

phenol-extracted bacterial endotoxin added during the lympho-

kine treatment and removed before addition of target cells (10). 

It should also be noted that cytotoxic activity of lymphokine-

activated macrophages decays with time in culture. The rate of 

decay is similar to that of in vivo activated cells (9 - 1 0 ) . 

(6) 3HTdR-Labeled tumor cells are added to adherent peri-

toneal cell monolayers in 1.0 ml medium. Labeled tumor cells 

are added to wells without macrophages to determine "spontaneous 

release" (release by tumor cells alone). Total incorporated 

counts are estimated from 1:1 mixtures of labeled target cells 

and 0.5 - 1.0% sodium dodecyl sulfate detergent (SDS) in water. 

After 48 hr in culture, 0.5 ml of each macrophage-tumor cell 

culture supernatant and of the SDS digest is removed with a 

Biopette and placed into 5 - 10 ml Biofluor liquid scintillation 

cocktail (New England Nuclear Corp., Boston, Massachussets). 

Results are expressed as a percentage of total incorporated 

counts from the SDS digest. Each point should be done in dupli-

cate or triplicate. 

III. CALCULATION OF DATA 

Typical results at 48 hr Radioactivity (% of total) 

SDS total counts .10,000 cpm (100%) 

Spontaneous release 1000 cpm (10%) 

Normal resident or exudate macrophages 1000 cpm (10%) 

Lymphokine-activated macrophages 4000 cpm (40%) 

Lymphokine-activated macrophages and LPS 6000 cpm (60%) 

BCG-activated macrophages 5000 cpm (50%) 
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I V . COMMENTS 

(1) Estimation of target cell death be release of nuclear 
label into culture supernatants involves at laeast two mecha-
nisms: Target cells must first die; cell death is then follow-
ed by autolysis and release of nuclear label. The delay in 
label release after cell death is dependent upon the rate of 
cytolysis. Examination of macrophage-induced tumor cytolysis 
by [ Hj thymidine release and by cinemicroscopic analysis under 
identical conditions resulted in superimposable cytotoxicity 
curves: Both assays measured the same event (cell death) but 
[3H] thymidine release was delayed after actual cell death by 
a factor of 2. [3H]Thymidine in supernatants harvested at 48 
hr reflected cell death at 24 hr. This relationship was true 
for all points between 0 - 72 hr (5). 
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