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ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY (ADCC) 
OF ERYTHROID AND TUMOR CELLS 

Hillel S. Koren 
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INTRODUCTION 

The phenomenon of antibody-dependent cellular cytotoxicity 
(ADCC) has attracted much attention since its original descrip-
tion by Möller (1) and by Perlmann and Holm (2). Their inves-
tigations established that a variety of different target cells, 
including fowl erythrocytes and mammalian tissue culture cells, 
could be destroyed through the interaction of specific antibody 
absorbed to the target cells with normal lymphoid or monocytic 
cells. Although the exact mechanism of ADCC is still not com-
pletely understood, there is a general agreement that the 
specificity of this immunologie reaction is determined by anti-
body bound to membrane-associated antigens and that the effec-
tor cells bear receptors for the Fc fragment of the immunoglo-
bulin (Ig) molecule. The range of effector cells mediating 
ADCC has been shown to include: K lymphocytes, T cells, poly-
morphonuclear leukocytes, platelets, monocytes/macrophages 
[for review see (3-4)] and macrophage-like cell lines (5). 
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The major goal of this chapter is to describe and discuss 
a short-term 51Cr-release ADCC assay using purified mononu-
clear phagocytes as effector cells against hapten-modified 
antibody-coated target cells (6). This technique can be read-
ily adapted to various ADCC systems employing effector cells 
from different tissues and species or cell lines, antibodies 
(allo- or xenogeneic) and target cells (erythroid and lymphoid). 
The use of hapten-modified target cells facilitates a standard-
ization of the ADCC assay and enables one to compare the cyto-
toxic activities of an effector cell population against differ-
ent target cells (e.g., erythroid versus lymphoid) modified 
with the same hapten and coated with the same antiserum. 

II. REAGENTS 

A. Materials and Methods 

1. Effector Mononuclear Phagocytes 
Macrophages obtained from peritoneal cells of thiogly-

collate-induced (stimulated) and BCG-immunized (activated) 
mice; monocytes derived from human peripheral blood leukocytes 
(PBL) and the U937 macrophage-like cell line (other macrophage-
like cell lines with ADCC activity could be used as well). 

2. Target Cells 
Chicken red blood cells (CRC), obtained by venous puncture 

of adult chickens using Alsever's solution (diluted 1:2 with 
the blood). CRC can be stored at 4°C up to one week. 

Cultured murine and human cell lines can be used as tumor 
targets. We have found the human HSB cell line (7) to be most 
suitable as a target for both murine and human effector cells. 

3. Preparation of Anti-TNP Serum 
BDF-, and C57BL/6 mice are injected in the footpads with 

trinitrophenyl (TNP)-modified Mycobacterium tuberculosis 
strain H37Ra incorporated in incomplete Freund1s adjuvant. 
After 2 weeks the mice are boosted with 100 yg of TNP-modified 
Af. tuberculosis, intraperitoneally, and bled 2-3 weeks later. 
Sera can also be obtained from mice immunized with TNP-modified 
keyhole limpet hemocyanin (TNP-KLH). All sera are heat-inac-
tivated at 56°C for 30 min. New sera should be titered in the 
ADCC assay and the optimal dilution determined. It should be 
mentioned that mouse anti-TNP serum can be used effectively 
with human and murine effector cells though other anti-TNP 
sera raised in other species (e.g., rabbit) may be more suit-
able with human effector cells. 
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4. Media 
Phosphate-buffered saline (PBS), E-MEM supplemented with 

10% heat inactivated fetal calf serum (FCS), 2 mAf L-glutamine, 
1 mAf sodium pyruvate, nonessential amino acids (lx concentra-
tion) , and 50 yg/ml gentamicin. This medium will be termed 
EMEM-10%. 

5. Chemicals 
2,3,6-Trinitrobenzyl sulfonic acid (TNBS) and Triton x-100 

(Sigma Chemical Company). 

6. Plastics 
Flat- and round-bottom microtiter plates (e.g., Linbro, 

76-003-05), 50-ml conical tubes and pipettes. 

7. Stains 
Wright stain: (Harelco Dif. Quick, Arthur Thomas Incorp., 

Philadelphia, Pennsylvania). 
Nonspecific esterase stain: Used to determine the purity 

of the monocyte preparation, as described by Tucker et al. 
(8). (See Chapter 40.) 

Peroxidase stain: Helpful in identifying especially the 
small monocytes that are morphologically indistinguishable 
from lymphocytes. The procedure for this stain has been de-
scribed by Kaplow (9). (See Chapter 39.) 

8. Radiolabel: Na 51Cr0 - Specific activity 250-500 
mCi/mg (New England Nuclear, Boston, Massachusetts, Catalog 
No. NEZ-030). 

III. PROCEDURES 

A. Preparation of Purified Murine Macrophage Monolayers 

Peritoneal cells are obtained by lavage of the peritoneal 
cavity with 10 ml EMEM containing 10 U heparin/ml. The cells 
are washed once (250 g for 10 min), resuspended in EMEM-10%, 
counted in a hemocytometer and the cellular composition de-
termined by preparing smears on a cytocentrifuge followed by 
staining with Wrights stain. Cell suspensions are adjusted 
based on viable macrophages and depending on the desired ef-
fector-target (E:T) ratio. One hundred yl of these suspen-
sions are delivered into 96-well microtiter plates (flat bot-
tom) , which are then incubated for 2 hr at 37°C in a humidi-
fied 5% C02 incubator followed by three vigorous washings with 
PBS containing 10% FCS. The wells are then replenished with 
100 μΐ of EMEM-10%. 
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B. Preparation of Purified Peripheral Blood Monocytes 

To obtain purified monocytes, mononuclear cells obtained 
from the interface of a Ficoll-Hypaque gradient (10) are sub-
jected to the newly developed technique of reversible adher-
ence to serum-coated surfaces as described in detail in a 
separate chapter (11) and elsewhere (12). The recovered mono-
cytes are highly purified (97-99% by nonspecific esterase and 
peroxidase stains) and can be used as effector cells for ADCC. 
They are resuspended in MEM-10% and adjusted according to the 
desired E:T ratio. Since this effector cell population is 
already purified, further adherence steps are not necessary. 
Therefore, 100 yl aliquots of the monocyte suspension are de-
livered into 96-well microtiter plates (round bottom) to which 
target cells and antibodies can be added immediately. 

C. The Use of the U937 Cell Line as Effector Cells 

The ADCC activity and other properties of this human mono-
cyte-like cell line have been previously described (13,14). 
This cell line grows under standard tissue culture conditions 
and is therefore readily available as a source of effector 
cells as described in Section II. B. However, it should be 
mentioned that unstimulated U937 cells can kill only erythroid 
targets, whereas killing of antibody-coated tumor cells re-
quires prior stimulation of the cell line with lymphokines (14) , 

D. Preparation of Target Cells 

1. 51Cr Labeling 
Sixty-100 x 10" CRC are washed once in PBS and resuspended 

in 0.2 ml of PBS, to which 200 yCi of Na2
51CrC>4 are added. 

The cells are then incubated for 1 hr in a 37°C water bath, 
and washed twice in PBS (without serum). Five to 10 x 106 HSB 
tumor cells from a logarithmically growing culture (optimally 
the cell suspension is diluted on the day prior to the assay) 
are washed once and resuspended in 0.2 ml of EMEM-10%, to 
which 200 yCi of Na9

51Cr04 are added and incubated for 1 hr in 
a 37°C water bath. The cells are then washed twice in PBS 
(without serum). 

2. Hapten Modification of Target Cells 
The 51Cr-labeled and washed cells are resuspended in 5 ml 

(using 50-ml conical tubes) of 10 mM TNBS (pH 7.2) and incuba-
ted for 10 min in a 37°C water bath. The reaction is stopped 
by adding a large excess of cold EMEM-10% followed by two ad-
ditional washes with the same medium. The TNP-modified cells 
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are then counted in a hemocytometer and adjusted to 3 x 104 

cells/50 yl or 1 x 104 cells/50 yl for CRC-TNP and HSB-TNP 
targets, respectively. 

E. Assay Procedure 

The TNP-modified targets are added in 50 yl aliquots 
wells already containing the 100 yl of purified mononuclear 
phagocyte effector cells. Fifty yl of an appropriate diluted 
hyperimmune anti-TNP serum are then added to the appropriate 
wells. The plates are spun to 50 g for 3 min (using special 
plate carriers and a suitable head) to enhance contact between 
the effectors and targets. Plates containing CRC-TNP targets 
are incubated for 2 hr at 37°C and those with HSB-TNP targets 
are incubated for 3 hr at 37°C. Assays are terminated by spin-
ning the trays at 500 g for 5 min and harvesting 100 yl of the 
supernatant from each well. Samples are counted in a well-
tyPe gamma counter. 

F. Controls 

To determine the spontaneous release of the ̂ -̂Cr-labeled 
targets, they are incubated with 150 yl of EMEM-10% in the ab-
sence of macrophages. To determine the antibody dependency 
("specificity") of the cytolytic reaction, targets are added 
to wells containing macrophages and medium in the absence of 
anti-TNP serum. If a new batch of antiserum is tested, an ad-
ditional control containing targets and serum only is added. 
To determine the maximum releasable CPM from the target, 150 yl 
of 1% Triton X-100 is added to wells containing 50 yl targets. 

IV. CALCULATIONS 

Specific lysis (SL) is calculated by the formula: 
EADCC"C 

%SL = x 100 
MR - C 

where E^DCC = released cpm in experimental wells; C = cpm re-
leased in control wells containing targets and medium alone or 
target and effector in. the absence of anti-TNP; MR = maximal 
releasable cpm of wells containing target cells incubated with 
1% Triton X-100, which usually exceeds 90% of the total incor-
porated radioactivity. Experiments should be set up in trip-
licates or quadruplicates and all data presented as percentage 
specific lysis ± S.E. (see Table I). 



TABLE I. ADCC by Thioglycollate and BCG Macrophages9-

Macrophage 
population 

Anti-
TNPC 5:1 

% Specific Lysis ± S.E. 
E:T Ratio 

2.5:1 1.2:1 0.6:1 Slope 
Slope 
ratio 

Thioglycollate 
Thioglycollate 
BCG 
BCG 

1.1±0.2 
7.8+1.0 
1.0±0.9 

32.1±1.3 

3.1±0.4 2.3±0.4 1.9±0.3 1.3 

25.9±1.6 U.2±1.3 4.7±0.3 11.1 
8.1 

*Data from (18). 
^Specific lysis was determined in a 2-hr assay with 3 x 104 CRC-TNP per well. The 

spontaneous release = 0.6%. 
°Anti-TNP serum was used at a final dilution of 1:1000. 

For calculating slopes the three lowest E:T values were employed. 
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V. CRITICAL COMMENTS 

Contamination by neutrophils (previously shown to function 
as ADCC effector cells (3-4)) of up to 10% (mainly in the BCG 
population) was occasionally detected. Therefore, it is advan-
tageous to let the plates incubate for an additional period of 
18 hr at 37°C followed by additional washings. Monolayers of 
macrophages of 99% purity are thus obtained. 

Since TNBS binds readily to proteins, it is essential to 
wash the Cr-labeled target cells free of serum-containing 
medium prior to the modification step. It is equally important 
to stop the reaction after 10 min with cold EMEM-10%. Longer 
modification time results in target cell damage leading to high 
spontaneous release. 

One has to be aware of the fact that when antibody-coated 
erythroid targets are used with effector macrophages, signifi-
cant immune phagocytosis occurs as well. It is therefore im-
portant to test to what extent phagocytosis affects ADCC. In-
hibition of phagocytosis by iodoacetate (16) or 2-deoxy-D-glu-
cose (17), for example, can be employed. 
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