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Functional assay of cytotoxic lymphocytes involved
in antibody-mediated cytotoxicity in normal and
rheumatoid subjects
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SUMMARY Antibody-mediated lymphocyte-induced cytotoxicity (K cell activity) was measured in
a system consisting of Chang human liver cells, rabbit anti-Chang antiserum, and Triosil-Ficoll
purified human lymphocytes. It was concluded that one K cell probably inactivates or kills one

target cell, and that the number of active K cells is similar in the peripheral blood of normal and
rheumatoid subjects and is about 0 5 %.

The quantitative estimation of the number of cyto-
toxic lymphocytes (K cells) involved in antibody-
mediated lymphocyte-induced cytotoxicity in
peripheral blood or tissues may be of clinical
importance. Thus reduced levels of circulating K
cells have been described in systemic lupus ery-
thematosus (Schneider et al., 1975). The quantitation
of these cells on morphological criteria is difficult
because of disagreement between investigators as to
what these criteria should be (Perlmann et al., 1975).
We describe the functional assay of K cells in
peripheral human blood by using the killing of
51Cr-sodium chromate-labelled Chang human liver
cells coated with rabbit anti-Chang antibody.

Materials and methods

TARGET CELL

Chang human liver cells were grown in Eagles's
medium for suspension culture (Flow Laboratories)
containing 10% fetal calf serum, 100 ,tg/mIl penicillin,
100 ,ug/ml streptomycin, 2 [tg/ml amphotericin,
supplemented with 2 mmol/l glutamine, and buffered
with 0 0325% sodium bicarbonate and 20 mmol/l
HEPES buffer (Flow Laboratories). Cells were
shaken from the tissue flask as required.

ANTI-CHANG ANTISERUM
Outbred New Zealand white rabbits were immunized
subcutaneously in the neck with 107 washed Chang
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cells in 0 5 ml Freund's complete adjuvant (Difco).
They received booster doses of 107 cells weekly for
4 weeks into the same site and were bled out 4 weeks
after the last injection. Serum was separated, heat
inactivated, and stored at - 20°C.

SEPARATION OF HUMAN PERIPHERAL BLOOD
LE UCOCYTES
Blood was taken from healthy subjects or patients
with classical or definite rheumatoid arthritis into
heparinized containers (10 IU/ml preservative-free
heparin, 'Pularin', Evans Medical Ltd.) and separ-
ated by Triosil-Ficoll sedimentation (Bdyom, 1968).
The mononuclear cells obtained contained approxi-
mately 85-95% lymphocytes and 5-15% monocytes.

CYTOTOXIC SYSTEM
(i) Cytotoxicity was performed in 100% fetal calf
serum in Eagle's medium with Earles Salts (TCM,
Gibco-Biocult Ltd.). 3-5 x 106 Chang cells were
incubated for 1 hour at 37°C in the presence of
51Cr-sodium chromate (1 Ci/ml, 5 ,ug Cr/ml; Radio-
chemical Centre, Amersham), washed four times in
TCM and adjusted to a concentration of 0-5 x 105/ml.
To flat-bottomed plastic tubes (Turner-Staynes Ltd.)
were added 0- 1 ml Chang cells, 0.1 ml lymphocytes,
and 0-2 ml antiserum or TCM as indicated. Rabbit
anti-Chang antiserum was used at a final dilution of
10-4 in all experiments. All assays were performed
in triplicate. After incubation for 4 hours at 370C
tubes were centifuged at 1000 rpm for 5 minutes and
0-2 ml of supematant removed. Supernatant and
infranatant radioactivity was measured in an LBK
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Wallac gamma counter. Cytotoxicity was expressed
as follows:

Radioactivity in supernatant
Radioactivity in supematant+infranatant x 100.

(ii) Since there is spontaneous release of isotope
from Chang cells in culture, the specific cytotoxicity
(cytotoxicity due to added rabbit antiserum) was

given by:

% specific cytotoxicity=
% cytotoxicity in rabbit antiserum in presence
lymphocytes- % cytotoxicity in TCM in presence

lymphocytes.

(iii) In order to estimate the maximum release of
isotope from dead or killed target cells, aliquots of
cells were freeze-thawed twice and then cultured for
the standard time before assay of release of radio-
activity.

STATISTICAL ANALYSIS
Statistical significance of results was assessed by
Student's 't' test and correlation coefficients calcu-
lated by a computer program.

Results

RELATIONSHIP BETWEEN RELEASE OF ISOTOPE
AND KILLED TARGET CELLS
Freeze-thawing Chang cells twice and then incubat-
ing the killed cells for 4 hours at 37°C led to the
release of 79*4 ±4-9% of the isotope (mean ±SD;
results from 12 experiments; range of release
69 5-87 7%). Furthermore, there was a strict
linear relationship (Fig. 1) between the number of
Chang cells in culture and the total radioactivity
present in that culture aliquot. Since in each cyto-
toxic experiment freeze-thawed Chang cells were
always included as controls and since the total
isotope incorporated by different numbers of Chang
cells was always measured, it was possible to calcu-
late the number of Chang cells killed in absolute
terms from the percentage isotope released as
follows:

total isotope label released if dead target cells
released all label=

Actual label released (cpm) 100
% of label released by freeze-thawed cells x

From a graph, such as Fig. 1, constructed for each
experiment, the number of Chang cells killed for any
amount of total radioactivity released could be
ascertained.
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Fig. 1 Relationship between the number of 51Cr-labelled
Chang cells and the total radioactivity.

RELATIONSHIP BETWEEN NUMBER OF EFFECTOR

CELLS AND NUMBER OF CHANG CELLS KILLED

For each experiment the number of Chang cells
killed at different lymphocyte target cell ratios was
calculated (Table 1). There is 'background' death of
target cells (column A) which was probably related
to the handling of the cells and the presence of
mononuclear cells. Addition of specific rabbit anti-
Chang antiserum led to decreased survival of Chang
cells (column B) and the killing was linearly related
to the lymphocyte: target cell ratio (Fig. 2).

Table 1 Summarized data for calculation ofper cent
target cells surviving at different lymphocyte: target cell
ratios

Lymphocyte Target Target cells Target cells No. Percent
target cell cells surviving surviving target target cells
ratio added to culture in culture in cells surviving

culture L+TCM L+TCM killed (B/A) x 100
(A) plus specific (A-B)

antibody
(B)

50: 1 5259 3871 2911 960 752
40: 1 5406 3809 3069 740 80-6
30: 1 5424 3948 3280 668 83 0
20: 1 5309 3787 3459 328 91 3
10: 1 5227 3699 3558 141 96-0

L=lymphocytes; TCM =tissue culture medium.
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Fig. 2 Relationship between number of target cells
killed and the lymphocyte: target cell ratio.
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Fig. 3 Relationship between the logarithm of the
percentage of target cells surviving and the number of
lymphocytes added to the culture. NE=number of
lymphocytes causing 37% survival of target cells (NX).

When the percentage of target cells surviving in
culture at varying lymphocyte: target cell ratios (last
column, Table 1) was plotted semilogarithmically
against the absolute number of lymphocytes added
to each culture, then the graph shown in Fig. 3 was
obtained. From such a graph the following figures
could be calculated: (1) the intercept A on theY axis,
(2) the slope of the curve, (3) the dose of lymphoid
cells resulting in 37% survival of target cells.

Since the number of target cells present in control
tubes, at this lymphocyte concentration, is known
then the percentage of 'active' K cells was given by:
No. of target cells in control tubes
No. of lymphocytes resulting in x ,
37% survival target cells

Table 2 gives the results of 12 separate experi-
ments. There is no significant difference in the per-
centage of K cells present in the blood of 6 normal
and 6 rheumatoid subjects (unpaired Student's 't'
test, t=0 6249, n=10, P>0 05). Furthermore, the
Y intercept, A, was the same for the two groups
(rank sum test P>0 05) and was not significantly
different from 100%. Similarly, there was no signifi-
cant difference between the two groups with respect
to the slope of the curve or the dose of lymphoid
cells resulting in 37% survival of target cells.

Discussion

An attempt was made to analyse antibody-mediated
lymphocyte-induced cytotoxicity (K cell activity)
from a functional point of view. When the logarithm
of the percentage of surviving target cells was plotted
against the number of attacking lymphoid cells, the
result was linear as confirmed by regression analysis
and goodness-of-fit to the data (Fig. 3). The Y
intercept (A) for the normal subjects was 99 3% and
for the rheumatoid subjects 102*1% (Table 2).
Statistical analysis on these intercepts showed that
they did not differ significantly from 100% (i.e. one).
It can be concluded that the inverse relationship
between the dose of lymphocytes (X) and the per
cent survival of target cells (Y) is an exponential one
of the general type Y=AeCX, where A is a constant
(the Y intercept) equal to 100%, and C is related to
the slope (Snedecor, 1956). This relationship is not
unlike that obtained with 'single hit' inactivation
phenomena and implies that one K cell kills or
inactivates one target cell (Lea, 1946).
Assuming that contact between the cytotoxic cell

and the target cell is random, then it is possible to
calculate 'active' K cells by dividing the number of
target cells present in control cultures by the number
of lymphocytes in parallel cultures which resulted in
37% survival of target cells (Fig. 3). From these
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Table 2 Summarized data from semilogarithmic dose/response regression curves relating per cent target cell
survival to number of lymphoid cells added to each culture

Experiment Lymphocyte Y intercept Slope Dose of lymphoid cells resulting No. of target cells in K cells 'active'
donor (x 106) in 37% survival target cells control tubes

A (°) NX/NE (%)
NE (5x103) NX (x103)

1 Normal 98 5 0790 101 1 2-9 0-6
2 ,, 98-7 0319 234-1 3-6 03
3 ,, 98-4 0 574 141-6 2-5 0 4
4 ,, 101-6 0588 128-5 3-7 0-6
5 ,, 102-1 0 533 162 9 3-8 0 5
6 ,, 96-3 0 344 215-9 4-0 0-4

993 ±2-2 0-5±0 1

7 RA 100 5 0-487 162-1 3-4 0-4
8 ,, 100-8 0-294 176-0 3-4 0-5
9 ,, 102-0 0 611 147-7 3-3 0-5
10 ,, 102-6 0599 140-3 3-5 0 5
11 ,, 103 7 0 351 246-7 3-5 0-2
12 ,, 102-7 0-478 184-1 2-9 0-3

1021±12 0-4±0-1

NE=no. of lymphocytes causing 37% survival of target cells (NX).

calculations, and under these experimental condi-
tions, it was shown that the mean percentage of K
cells in normal (0 5) and rheumatoid (0 4) peripheral
blood was similar. This similarity was further
established by comparing the slope of the cytotoxic
curves (Fig. 3) between the two groups which was not
statistically different (t=0 6192; n= 10; P>0 05).

Golstein and Fewtrell (1975) were able to fraction-
ate cytotoxic cells functionally on the basis of their
cation requirements. They showed that lysis of
antibody-coated red blood cells by nonthymus cells
preferentially requires Mg2e or no cations, while
lysis of antibody-coated Chang cells requires Ca2+.
It could be then that functional heterogeneity among
K cell populations could be reflected in differences
in numbers of the various types in human blood. It
is of interest therefore that the number of K cells
in normal human lymphocyte populations cytotoxic
for antibody-coated Chang cells have been calculated
to be 0 5% in the present study.

It has been shown that the cytotoxic ability of
blood lymphocytes from patients with rheumatoid
arthritis towards antibody-coated sheep red blood
cells was similar to that of normals (Wisl0ff et al.,
1975). The results obtained here extend this obser-
vation by showing no differences in the number of
K cells capable of killing antibody-coated Chang
cells and lead to the conclusion that if there is

functional heterogeneity among K cell populations
then two of these populations are normal in patients
with rheumatoid arthritis.

The work was supported by a grant from the
Arthritis and Rheumatism Council.
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