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ABSTRACT 

Human peripheral blood lymphocytes of healthy donors showed significant levels of 
natural killer (NK) activity against erythroleukemic cell line K 562 in 3-hour 51Cr 
release assays. The levels of NK activity showed much individual variation, which 
was considered to be an individual trait that varied little under physiological conditions. 
The NK activity of mononuclear leukocytes from cord blood was very low, but 
increased early in infancy to the adult level. 

The effect of contamination of the lymphocyte preparation with granulocytes or red 
blood cells was examined. When red blood cells were added in a ratio of 10 : 1 or 
more, NK activity was significantly suppressed. On the other hand, contaminating 
granulocytes had no effect on NK activity. Pre-treatment of lymphocytes with Tris­
buffered ammonium chloride drastically obliterated the NK activity of these cells; so 
this treatment should be avoided. 

When monocytes were removed from mononuclear cell preparations, the NK activity 
increased in many cases, but the magnitude of augmentation varied from donor to 
donor and from day to day. The possibility of monocyte-NK cell interaction was 
discussed. 

In order to minimize the day-to-day fluctuation of NK assay conditions, peripheral 
blood mononuclear leukocytes were cryopreserved. These cryopreserved cells retained 
more than 80% of their NK activity. 
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INTRODUCTION 

It has long been known that normal lym­
phocytes, in the absence of disease, sensitization, 
or deliberate immunization of the lymphocyte 
donor, can destroy a variety of target cells 
cultured in vitro. This natural cytotoxicity has 
been treated as an artifactual background noise, 

which should be subtracted from the specific, 
disease-related cell-mediated cytotoxicity. Be­
cause it has been taken for granted by most 
immunologists that each immunologic phenom­
enon must be elicited by a particular, known 
immunogen, this natural cytotoxicity of normal 
unsensitized lymphocytes has been regarded as 
a nonspecific, nonimmunologic, artifactual phe-
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no men on. 
However, this natural cell-mediated cytotoxi­

city has recently been extensively documented 
in humans1- 5> and rodents6-12), and now this 
natural killer (NK) activity, or spontaneous 
lymphocyte-mediated cytotoxicity (SLMC) is 
thought to play a major role in the maintenance 
of homeostasis; i. e., resistance to tumor cells13 

- 15>, allogenic bone marrow grafts16>, viral dis­
eases17• 18>, and regulation of differentiation of 
normal hematopoietic cells19l. 

This paper describes the NK activities of 
peripheral blood lymphocytes from healthy hu­
man adults and children. A 3-hour 51Cr release 
assay, in which the K 562 erythroleukemic 
cell line was used, was evaluated for its repro­
ducibility. 

MATERIALS AND METHODS 

Preparation of effector cells: 
Mononuclear leukocytes were isolated from 

the heparinized peripheral blood of healthy hu­
man donors by centrifugation with Ficoll-dia­
trizoate sodium gradient at 400 x G for 30 min -
utes at room temperature. Cells were washed 
3 times in phosphate-buffered saline (PBS) and 
suspended in Eagle's minimal essential medium 
(MEM No. 1, Nissui) supplemented with 10 % 
fetal calf serum (FCS, Gibco). When red blood 
cells caused gross contamination, they were 
lysed by hypotonic shock with 0. 2% NaCl 
for 15-20 seconds at room temperature. In 
some experiments, contaminating red blood cells 
were lysed by 0. 83% Tris-buffered ammonium 
chloride treatment for 2-5 minutes at 37° C. 
These cells contained 80-85 % lymphocytes and 
15-20% monocytes with less than 2% granulo­
cytes, as judged by peroxidase staining and 
morphology. 

In order to remove monocytes, 6-8 x 106 mon­
onuclear cells, suspended in 3 ml MEM with 
10 % FCS, were incubated at 37° C for 2 hours 
in 65mmx15 mm Falcon plastic dishes. Non­
adherent cells were harvested and were more 
than 96% lymphocytes. They were resuspend­
ed in MEM with 10 % FCS. The viability of 
the effector cells, assessed by the trypan blue 
exclusion method, was always more than 95%. 
Cell line: 

The erythroleukemic cell line K 562, estab­
lished from blast cells in the pleural effusion 

of a patient with blastic crisis of chronic my­
elogenous leukemia20 - 23>, was kindly provided 
by Dr. N. Kamada of the Department of In­
ternal Medicine, Research Institute for Nuclear 
Medicine and Biology, Hiroshima University, 
Hiroshima, Japan. The K 562 cells were grown 
in suspension culture in MEM with 10 % FCS. 
Some K-562 cells were cryopreserved in antici-

. pation of trouble in the continuously cultured 
and passaged strain. 
Cryopreservation: 

Mononuclear leukocytes isolated as described 
above were suspended in MEM with 25 % FCS 
and put on ice. The cell suspensions were 
made up at twice the desired final concentration. 
Subsequent manipulations were carried out on 
ice. The 20% dimethyl sulfoxide (DMSO) so­
lution was made up by adding 2. 0 ml DMSO 
to 8. 0 ml MEM with 25 % FCS. An equal 
volume of the 20 % DMSO solution was added 
to the cell suspension in a rapid, dropwise 
fashion, with mixing, over 30 seconds. The 
final cell concentration was 2-5x107 /ml in 10 
% DMSO and 22. 5 % FCS. The cells were 
then dispensed in 1. 0 ml aliquots into Nunc 
screw cap vials and immediately transferred 
to a programmed freezer (Planar Model R202/ 
lOlR, G. B. Planar Ltd, Middlesex, England). 
The freezer was precooled to 4 ° C, and the 
cell suspensions were then cooled at a rate 
of -1°C/minute to -40°C and subsequently 
cooled to -90°C at a rate of -5°C/minute. 
The vials were then immediately transferred 
to a liquid nitrogen freezer for storage in vapor 
phase at -160° C. 
Thawing and dilution of cryopreserved cells: 

Cryopreserved vials were removed from the 
liquid nitrogen freezer and thawed rapidly in 
a 37° C water bath without shaking. The vials 
were kept at room temperature, and the dilution 
procedure to remove DMSO was initiated im­
mediately. Subsequent steps were carried out 
at room temperature. The cell suspensions 
were diluted with a slow stepwise dilution pro­
cedure utilizing MEM with 25 % FCS as the 
diluent. The diluent, one-twentieth of the o­
riginal sample volume, was added dropwise 
with mixing. After one minute, the doubling 
volume was added. Subsequently, at one-min­
ute intervals, a doubling volume of diluent 
was added 3 times. Then, after 5 minutes, 
enough diluent was added to achieve a final 
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dilution of 1 : 10. The cells were washed twice 
in diluents at 200 x G for 10 minutes. They 
were resuspended in MEM with 10 % FCS, 
and cell concentrations were adjusted for the 
cytotoxicity assay. The viability of the thawed 
cells, assessed by the trypan blue exclusion 
method, was always more than 90%. 

The K 562 cells were cryopreserved and 
thawed and diluted as described above. The 
thawed and diluted K 562 cells were resuspended 
in MEM with 10 % FCS and cultured for 3-4 
days, passaged once, and subsequently used as 
the targets of cytotoxicity assay. 
Cytotoxicity Assay: 

Approximately 2 x 106 target cells (K 562) 
were labeled with 100 µCi of 51Cr (Na2 

51Cr04, 

1 mCi/ml, specific activity 250-450 µCi/mg Cr, 
New England Nuclear, Corp, Boston, Mass.) 
in 0. 2 ml MEM with 10 % FCS for 50 minutes 
at 37°C in a humidified atmosphere of 95% 
air and 5 % C02• The labeled K 562 cells were 
washed 3 times with cold PBS and resuspended 
in MEM with 10% FCS, and adjusted to 105 

viable cells/ml. 
The labeled cells were dispensed into wells 

of Nunc 96-well U-bottomed microtiter plates, 
each well receiving 0. 1 ml containing 104 target 
cells. Then, equal volumes of various dilutions 
of suspensions of effector cells were added to 
triplicate wells, yielding ratios of effector to 
target cells (E/T ratio) of 6. 25, 12. 5, 25, 50, 
and 100. Control wells received 0. 1 ml of me­
dium for the determination of spontaneous 51Cr 
release, or 0. 1 ml of 0. 5 % Triton X-100 for 
the determination of maximum 51Cr release. 

The plates were incubated at 37°C in a 
humidified C02 incubator for 3 hours. Assays 
were terminated by centrifuging plates at 600 
x G for 5 minutes at room temperature, and 

0. 1 ml of supernatant was collected for counting 
in a well type gamma counter (Shimazu Model 
RAW-600, Shimazu, Japan). 
Calculation of NK activity: 

The NK activity (per cent specific lysis) was 
calculated from the following formula: 

per cent specific lysis 
_ CPM (experimental)-CPM (spontaneous) 
- CPM (maximum) -CPM (spontaneous) 

XlQO 

where spontaneous and maximum release was 
determined as described above. Spontaneous 
release was usually less than 20% of the max-

imum release. 

RESULTS 

Representative assay done on a given day: 
A representative 3-hour 51Cr release cytoto­

xicity assay done on a given day is shown 
in Fig. 1. The effector cells were freshly iso­
lated peripheral blood mononuclear cells. The 
NK activity (% specific lysis) increased linearly 
with the E/T ratio. This linear dose-depen­
dency was seen until the E/T ratio was 200 : 
1, but when the ratio was increased to 400 : 1 
or more, the per cent specific lysis was the 
same as, or slightly lower than, that of the 
200 : 1 ratio (data not shown, but confirmed 
from 9 separate experiments). 

The individual variation of cytotoxic activities 
was significantly wide, e.g., at the E/T ratio 
of 50 : 1, the per cent specific lysis of 8 healthy 
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Fig. 1. Representative assay done on a given day. 
Mononuclear cells from 8 healthy adult donors 
were prepared by centrifugation on Ficoll-diatrizo­
ate sodium gradient and allowed to react with 51Cr­
labeled K 562 cells for 3 hours at E/T ratios of 
6. 25 : 1, 12. 5 : 1, 25 : 1, 50 : 1, and 100 : 1. Max· 
imum release was 1355. 4±J 4. 3 cpm, and spontane­
ous release was 175.1±10. 7 cpm (mean±S.D.) (n 
=6). 



118 Y. Tanaka 

adult donors was 60. 8, 57. 7, 55. 2, 53. 1, 38. 0, 
31. 8, 27. 8, and 22. 4%. However, individuals 
with high or low reactivity tended to maintain 
the same level of cytotoxic activity, and their 
order did not change in several assays done 
on different day (Fig. 9, see below). 
Kinetic study of NK activity of peripheral 
blood lymphocytes: 

To study the kinetics of NK cytotoxicity 
against K 562 cells, peripheral blood lymphocy­
tes from 4 healthy adult donors were tested 
for various incubation times. As shown in 
Fig. 2, significant lysis was already detected 
after 15 minutes of incubation, and the per 
cent specific lysis increased as incubation con­
tinued. When the cells were allowed to react 
for 17 hours, the spontaneous release was 26. 0 
% of the maximum release, which was higher 
than after 4 hours or less of incubation (less 
than 15. 0 %), and was not optimal. The per 
cent specific lysis of the 3-hour assay was as 
high as that of the 4-hour assay. 
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Fig. 2. Kinetic study of NK activity 
Peripheral blood lymphocytes from 4 healthy adult 
donors were prepared by centrifugation on Ficoll­
diatrizoate sodium gradient and monocytes were 
removed by adhesion on plastic dishes. They were 
incubated with 51Cr-labeled K 562 cells at E/T 
ratios of 25 : 1 (0), 12. 5 : 1 (6), and 6. 25 : 1 
(Q). The curves show mean % specific lysis± 
S.D. 

Effects of granulocyte and red blood cell con­
tamination on the NK assay system: 

In the present method of preparing effector 
cells, contamination with granulocytes was al­
ways less than 2 % , and red blood cell con-

tamination was usually negligible, but when 
the effector cells were obtained from some a­
nemic patients, there was gross red blood cell 
contamination. Therefore, the effect of granu­
locyte and red blood cell contamination on 
the assay system was examined. 

As shown in Fig. 3, granulocytes per se 
had no cytotoxic activity against K 562 cells, 
and contamination with granulocytes had no 
effect on the NK activity of the lymphocytes. 
However, gross contamination with red blood 
cells significantly suppressed NK activity. As 
shown in Fig. 4, there was no effect when 
the ratio of red blood cells to lymphocytes 
was 5 : 1, but when the ratio increased to 10 
: 1 or more, significant inhibition was seen 

(about 70 % inhibition). 
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Fig. 3. Effect of granulocyte contamination 
Peripheral blood lymphocytes from 3 healthy adult 
donors were prepared by centrifugation on Ficoll­
diatrizoate sodium gradient, and monocytes were 
removed by adhesion on plastic dishes. Autologous 
granulocytes, prepared by the dextran sedimenta­
tion method, were added to each lymphocyte pre­
paration, with ratios of granulocytes to lympho­
cytes of 0. 25: 1 (A), 0. 5: 1 (B), and 1 : 1 (C). 
The lymphocyte concentration was fixed at 5x105 

/0. 2 ml, so the E/T ratio was 50: 1. Peripheral 
blood granulocytes (D) had no cytotoxic activity 
against K 562 cells at a granulocyte to target cell 
rado of 50: 1 (n=4). 

Effect of pre-treatment of lymphocytes with 
ammonium chloride and hypatonic NaCl solu­
tion: 

Because of the inhibitory effect of red blood 
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Fig. 4. Effect of red blood cell contamination 
Autologous red blood cells were added to mononu­
clear leukocytes from 3 healthy adult donors, at 
ratios of red blood cells to mononuclear leukocytes 
of 5: 1 (A), 10 : 1 (B), 50: 1 (C), and 100: 1 (D). 

They were incubated with 51 Cr-labeled K 562 cells 
for 3 hours at E/T ratios of 50: 1 (0), 25: 1 
(~, and 12. 5: 1 (EZ3). 
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Fig. 5. Effect of ammonium chloride treatment 
Peripheral blood mononuclear leukocytes from 5 
healthy adult donors were treated with 0. 83% Tris­
buffered NH~Cl for 2 and 5 minutes at 37°C. Hy­
potonic shock was done with 0. 2% NaCl solution 
for 15-20 seconds at room temperature. These 
pretreated cells were then incubated with 51Cr­
labeled K 562 cells at an E/T ratio of 50 : 1 for 
3 hours. The v''!Ziility of post-treated cells was 
always more than 90% by the trypan blue exclu­
sion method. The data show the mean % control 
±S. D. (n=5). 

cells on NK activity, they must be lysed, when 
there is gross contamination, before the· cyto­
toxicity assay. Therefore, the effect of pre­
treatment of the effector cells with 0. 83 % Tris­
buffered NH4Cl was examined. As shown in 
Fig. 5, pre-treatment of the mononuclear leuko­
cytes with 0. 83% Tris-buffered NH4Cl for 5 
minutes at 37°C drastically reduced NK activity 
(% specific lysis at E/T ratio of 50 : 1 was 
1. 7±2. 4%; in controls it was 36. 9±12. 3%, 
p<O. 01). When the duration of pre-treatment 
with ammonium chloride was shortened to 2 
minutes, which was not sufficient to lyse con­
taminating red blood cells, a similarly significant 
reduction of NK activity was observed. 

On the other hand, when the effector cells 
were pre-treated with 0. 2% NaCl solution for 
15-20 seconds at room temperature, there was 
no detrimental effect on NK activity. 
Comparison of NK activity of monocy-deplet· 
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Fig. 6. Effect of monocyte depletion 
Effector cells were prepared from 16 healthy adult 
donors as described in Materials and Methods, and 
monocyte-depleted and not-depleted cells were 
simultaneously incubated with 51Cr-labeled K 562 
cells at an E/T ratio of 50 : 1 for 3 hours. 
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ed and not-depleted peripheral blood mononu­
clear cells: 

In 16 normal adult donors, the effect of 
the removal of monocytes on NK activity was 
studied. In 13 of the 16 cases, as shown in 
Fig. 6, the cytotoxic activity against K 562 
cells increased after the removal of monocytes 
from the mononuclear population. The per 
cent increase in these 13 cases varied from 
9. 8% to 98. 2%. In 3 of the 16 cases, on the 
other hand, some decrease in cytotoxic activity 
was observed. Moreover, the effect of the re­
moval of monocytes in the same individual 
assessed on different days showed some day­
to-day variation (Fig. 7). 
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Fig. 7. Effect of monocyte depletion 
The effector cells from one individual (Y. T. ), pre­
pared as in Fig. 6, were incubated with K562 cells 
serially on different days (E/T ratio=50: 1) (n= 
9). 

Individual day-to-day fluctuation of NK ac­
tivity: 

NK activity was serially assayed in one 
healthy adult donor over a 6-month pe­
riod. As shown in Fig. 8, the level of NK 
activity :fluctuated from day to day. When 
NK activity of the other normal adult controls 
was assayed repeatedly on different days, it 
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Fig. 8. Day-to-day fluctuation of NK activity 
NK activity of the peripheral blood mononuclear 
cells from one healthy adult donor (Y. T.) was 
serially assayed on different dates for 6 months (n 
=21). 
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Fig. 9. Day-to-day fluctuation of the assay condi­
tions 
NK activity of peripheral blood mononuclear leuko­
cytes from 6 healthy adult donors (A, B, C, D, 
E, and F) was assayed repeatedly on different 
dates (E/T ratio=50: 1). 

was found to fluctuate similarly (Fig. 9). 
Cryopreservation of effector cells: 

In order to minimize the day-to-day :fluctua­
tion of the NK assay conditions, the effector 
cells were cryopreserved and stored for use as 
ideal controls. 

The peripheral blood mononuclear cells from 
5 healthy adult donors were cryopreserved and 
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Fig. 1 Q. NK aci:ivity of cryopreserved cells 
NK activity of cryopreserved cells was compared 
with that of their fresh counterparts on the same 
day (E/T ratio=50: 1) (n=5). 

stored. Some of the cryopreserved cells from 
each donor were thawed within 30 minutes 
after cryopreservation, and their NK activities 
were compared with their fresh counterparts 
simultaneously prepared on the same day. As 
shown in Fig. 10, the NK activity against K 
562 cells was well preserved after cryopreserva -
tion; the per cent specific lysis of the cryopre­
served cells was 83. 7 ± 6. 6 % (mean± S. D.) of 
that of their fresh counterparts, and the order 
of activities of these 5 donors did not change 
after cryopreservation. After the cells had been 
cryopreserved and stored, their NK activities 
did not diminish further and were stable for 
at least 6 months (data not shown). 
NK activity in normal healthy adult controls: 

NK activity in 26 healthy individuals, 25-59 
years old (mean age, 29. 8±6. 5 years), is de­
picted in Fig. 11 and Table. 

When monocytes were removed, the NK ac­
tivity increased slightly but not significantly 
(p>O. 05). There was a wide range of NK 
activity from individual to individual. In some 
individuals, NK activities were assessed repeate-
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Fig. 11. NK activity of normal adult controls 
The monocyte-depleted ( e) and not-depleted (0) 
peripheral blood mononuclear leukocytes from 26 
healthy adult donors were incubated with 51Cr­
labeled K 562 cells for 3 hours at various E/T 
ratios. The data show mean±S. D. 

Table NK activity of normal adult controls 

NK activity* (mean±S. D.) 

E/T monocyte -depleted - not depleted 
( n =18) ( n =26) 

100 64.7±14.5 52.3±13.5 

50 52.7±14.4 41.3±14.2 

25 38.2±12.8 29.8±12.8 

12.5 27.2±10.5 19.4±10.9 

6.25 18.3± 7.9 11.6± 5.9 

* 3-hour 51 Cr relese assay (Target: K 562) 

dly on different days, and the order of these 
individuals with high or low reactivities did 
not change for at least 6 months, even though 
the actual per cent specific lysis caused by 
individual lymphocytes varied from day to day 
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Fig. 12. NK activity of cord blood, infants, and 
children 
The mononuclear leukocytes prepared from cord 
blood, infants, and children, were incubated with 
51Cr-labeled K 562 cells for 3 hours at E/T ratio 
of 50 : 1. The data show mean± S. D. 

(Fig. 9). 
NK activity in normal children, infants, and 
cord blood: 

NK activity in various pediatric age groups 
is depicted in Fig. 12. It was significantly 
lower in mononucler cells from cord blood 
of mature healthy babies than in adult 
controls or other age groups (p<O. 01). In 
infancy, NK activity was slightly lower, but 
this difference was not statistically significant 
(p>O. 05). In children it was the same as in 
adult controls. 

DISCUSSION 

The data presented in this paper clarify many 
points relevant to the phenomenon of natural 
killer (NK) activity of human peripheral blood 
lymphocytes. 

The K 562 cell line was chosen as the target 
because the susceptibility of this line to NK 
cytotoxicity is higher than that of any other 
line tested so far 4• 24). The line is very easy 
to maintain as a stationary suspension culture 
and has the advantage of being free of Epstein­
Barr virus and HLA antigen13• 25l. 

Peripheral blood lymphocytes of normal hu­
man donors were found to have significant 
levels of NK activity against K 562 target cells. 

The levels of NK activity of different donors 
varied greatly (Figs. 1 and 10), as previously 
reported26 - 28>, and when NK activity of one 
individual was serially assayed on different days, 
the actual pre cent specific lysis fluctuated from 
day to day (Fig. 8). However, when the NK 
activity of many normal adults with high or 
low activities was tested repeatedly, the order 
of their activities did not change (Fig. 9). 
Therefore, in spite of certain day-to-day fluc­
tuations in the assay conditions, the individual 
variability of NK activity of different donors 
is considered to be an individual trait that 
varies little under physiological conditions. 
Santoli et al.20l reported that high and low 
NK activity was associated with certain HLA 
antigens. A broad population study of HLA 
hallotypes and cytotoxic activities may clarify 
this association. 

A kinetic study of NK activity (Fig. 2) re­
vealed significant lysis of the K 562 target 
already after only 15 minutes of incubation, 
and lytic activity increased with incubation time. 
Because the level of per cent specific lysis 
after 3 and 4 hours of incubation was almost 
similar, the 3-hour cytotoxicity assay was cho­
sen for routine use, although the 4-hour 51Cr 
release assay had been generally accepted as 
the standard method2, 5, 30-a4l. 

Granulocytes per se had no cytotoxic activity 
against the K 562 target in the 3-hour 51Cr 
release assay, and contaminating granulocytes 
in autologous lymphocytes up to a ratio of 
1 : 1 did not change the NK activity (Fig. 3). 
On the contrary, Santoli et al. 27 l reported that 
the addition of granulocytes to purified lympho­
cytes resulted in a dose-dependent inhibitory 
effect on the NK activity of lymphocytes. They 
used the RDMC cell line, derived from a human 
rhabdomyosarcoma · as their target, and this 
may be the reason for the discrepancy between 
our results and theirs. 

The adverse effect of contamination with red 
blood cells on the NK assay system has not 
been previously reported. As shown in Fig. 4, 
when the contamination ratios were 10 : 1 or 
more, significant inhibition of NK activity was 
observed at every E/T ratio examined. This 
inhibitlon was thought to be mainly due to 
the crowding effect of the contaminating red 
blood cells, but some other mechanism could 
not be excluded, because 2. 5 x 106 red blood 
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cells were not inhibitory at an E/T ratio of 
50 : 1, while the same number of red blood 
cells did have an inhibitory effect at E/T ratios 
of 25 : 1 and 12. 5 : 1. 

The action of ammonium chloride in lysing 
red blood cells without apparent damage to 
non-erythroid cells is in common use by many 
immunologists to remove contaminating red 
blood cells from leukocyte preparations35' 36>. In 
the NK assay system, this treatment has been 
used routinely by many investigators, but no men­
tion has been made of the detrimental effect of 
ammonium choride on NK effector cells3' 4, a, 37

- 40>. 
As shown in Fig. 5, treatment of lymphocyte 

preparations with Tris-buffered ammonium chlo­
ride drastically reduced the NK activity of these 
cells. On the other hand, hypotonic lysis of 
red blood cells with 0. 2% NaCl solution had 
no adverse effect on NK cytotoxicity, and this 
treatment was thought to be a suitable red 
blood cell lysing method for the NK assay 
system. Eremin et al.m reported a similar 
detrimental effect of KHC03-buffered NH4Cl 
on the human NK assay system, in which 
the CLA-4 lymphoblastoid cell line was used 
as the target. Also in the murine NK assay 
system, Savary et al. 42> found that Tris-buffered 
NH4Cl treatment significantly reduced the cy­
totoxic activity of mouse splenic NK cells and 
concluded that pretreatment of effector cells 
with ammonium chloride had only a detrimental 
effect on NK cell cytotoxicity and should there­
fore be avoided. 

It is well known that there is a close rela -
tionship between the mononuclear phagocytic 
system and the lymphocyte system43>. Mac­
rophage-lymphocyte interaction is thought to be 
important in determining the fate of various 
immune reactions. In some situations, mono­
cytes and/ or macrophages can facilitate some 
lymphocyte-mediated immune responses, but in 
other situations, they can suppress the same 
function of lymphocytes. 

As shown in Figs. 6 and 11, monocyte de­
pletion of the mononuclear cell population re­
sulted in the augmentation of NK activity in 
most but not all cases. The augmentation of 
human NK activity by monocyte depletion with 
carbonyl iron and magnetism and/or plastic 
surface adhesion has been reported by many 
investigators3i 

27, 3o, 4o, 44>. The degree of augmen­
tation, however, varied from individual to in-

dividual, and a decrease in NK activity after 
monocyte depletion was observed in some cases 
(Fig. 6). When NK activities of many healthy 
donors were compared before and after mon­
ocyte depletion, the order of reactivity changed; 
i. e., some individuals with low activities chang­
ed to high reactors after monocyte depletion, 
and vice versa. Moreover, when the effect of 
monocyte depletion was assessed in the same 
individual on different days, the degree of aug­
mentation varied from day to day (Fig. 7). 
It is not clear why the effect of monocyte 
depletion on NK activity differed from inividual 
to individual and from day to day. It seems 
unlikely that this augmentation was due simply 
to a relative increase in the number of NK 
cells following the removal of monocytes and 
some adherent lymphocytes by plastic surface 
adhesion. Some regulatory role of monocytes 
on NK activity has been suggested, and this re­
gulatory activity of monocytes might differ from 
donor to donor in accordance with their in vivo 
situation. Although K 562 cells were reported 
not to be lysed by unstimulated human peri­
pheral blood monocytes in the 4-hour 51Cr 
release assay45

i
46>, there have been some indica­

tions that monocytes play an important role 
in human NK activity. In spite of many pos­
sible hypotheses of human monocyte-NK cell 
interaction, no evidence has been presented as 
to their precise mutual relationship in vivo. 
In the rodent system, on the other hand, this 
macrophage-NK cell relationship has been more 
clearly demonstrated. The administration of an­
timacrophage agents, e.g., silica particles or 
carrageenan, to mice or rats resulted in a de­
crease in splenic NK activity12

i 
16, 19, 47l. Mu­

rine macrophages activated by pyran copolymer 
or adriamycin suppressed NK activity in the 
spleen, although the same agents have also 
been shown to be able to augment NK acti­
vity4s-5o>. Therefore, macrophages are thought 
to play an important role in regulating NK 
activity, sometimes augmenting, and sometimes 
suppressing it. The precise relationship between 
NK cell activity and macrophages, however, 
is not yet understood. 

When comparing the results of 51Cr release 
assays performed on different dates, it was 
difficult to determine whether the differences 
in reactivity reflected true differences of in vivo 
activity or were caused by altered assay con-
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ditions. The quantitative comparison of NK 
activities in different donors was thought to 
be possible only when the assays were done 
on the same day. To overcome this problem, 
we attempted to cryopreserve peripheral blood 
mononuclear cells from different donors and 
from the same donor on different days. If 
cryopreserved cells can be stored with their 
functional reactivity intact, these cells can be 
used as ideal controls, and if many samples 
from normal donors or patients are cryopre­
served, they can be assayed at any time. 

As shown in Fig. 10, NK activity against 
K 562 targets in the 3-hour 51Cr release assay 
was well maintained after cryopreservation. 
Other investigators have reported the detrimen­
tal effect of cryopreservation on NK activity 
against K 562 targets, in which different me­
thods of cryopreservation were used51, 52>. They 
observed about 50 % loss of NK activity after 
cryopreservation, but in this experiment NK 
activity after cryopreservation was stable for 
at least 6 months. Therefore, cryopreserved 
cells can be used safely as control effectors 
in the NK assay system. 

NK activity against K 562 targets was sig­
nificantly lower in mononuclear cells from cord 
blood, but rose early in infancy to the level 
in adult controls (Fig. 12). This early develop­
ment of NK activity was in contrast to the 
findings in mice in which NK activity was 
reported to be totally absent at birth and then 
increased in young mice, the highest activity 
being in spleen cells from 5- to 8-week old 
mice7

1
8l, Levin et al. 26

' reported that NK ac­
tivity of human cord blood against HBT-3 
and ALAB targets was low or absent in the 
3-hour 51Cr release assay. Sato et al.53> also 
reported low NK activity of cord blood lym­
phocytes, using monolayer targets such as RSb 
and RSa in a 16-hour 51Cr release assay. 
Therefore, the low or absent NK activity of 
human cord blood is a general characteristic 
and not restricted to the K 562 target. 

It is not known why NK activity in human 
cord blood lymphocytes is low or absent. Can­
tor et al. 54 ' reported that sera from newborn 
mice inhibited NK activity in vitro; this in­
hibitory activity was maximal at 4-7 days after 
birth. This blocking material had a molecular 
weight of approximately 70-80, 000 daltons. 
Orn et al. 55> reported that alpha-fetoprotein was 

a potent inhibitor of interferon-induced NK 
cell activation in vitro. Therefore, it seems a 
testable hypothesis that NK cell deficiency of 
cord blood lymphocytes is caused by endogen­
ous alpha-fetoprotein, considering that the mo­
lecular weight of alpha-fetoprotein is 72, 000 
daltons. 

ACKNOWLEDGEMENT 

The author wishes to thank Prof. T. Usui 
for his valuable comments and advice and is 
grateful to Dr. Alice S. Cary for assistance 
in preparing this manuscript. This war k was 
supported by a Research Grant (No. 544050) 
from the Ministry of Education, Science and 
Culture of Japan. 

REFERENCES 

1 ) Takasugi, M., Mickey, M. R. and Terasaki, P. I.: 
Reactiviry of lymphocytes from normal persons 
on cultured tumor cells. Cancer Res., 33, 2898-
2902, 1973. 

2 ) Rosenberg, E. B., McCoy, J. L., Green, S. S., 
Donnelly, F. C., Siwarski, D. F., Levine, P. H. 
and Herberman, R. B.: Destruction of human ly­
mphoid tissue-culture cell lines by human peri­
pheral lymphocytes in 51Cr-release cellular cyto­
toxicity assays. J. Natl. Cancer Inst., 52, 345-352, 
1974. 

3 ) Pross, H. F. and Jondal, M.: Cytotoxic lympho­
cytes from normal donors. A functional marker 
of human non-T lymphocytes. Clin. exp Im­
munol., 21, 226-235, 1975. 

4) Jondal, M. and Pross, H.: Surface markers on 
human B and T lymphocytes. VI. Cytotoxicity 
against cell lines as a functional marker for 
lymphocyte subpopulations. Int. J. Cancer, 15, 
596-605, 1975. 

5) Ortaldo, J. R., Oldham, R. K., Cannon, G. C. and 
Herberman, R. B. : Specificity of natural cytotoxic 
reactivity of normal human lymphocytes against 
a myeloid leukemia cell line. J. Natl. Cancer 
Inst., 59, 77-82, 1977. 

6) Kiessling, R., Klein, E. and Wigzell, H.: "Na­
tural" killer cells in the mouse. I. Cytotoxic 
cells with specificity for mouse Moloney leukemia 
cells. Specificity and distribution according to gen­
otype. Eur. J. Immunol., 5, 112-117, 1975. 

7 ) Kiessling, R., Klein, E., Pross, H. and Wigzell, H. : 
"Natural" killer cells in the mouse. II. Cytotoxic 
cells with specificity for mouse Moloney leuke­
mia cells. Characteriscics of the killer cell. Eur. 
J. Immunol., 5, 117-121, 1975. 



NK Activity of Normal Human Peripheral Blood Lymphocytes 125 

8) Herberman, R. B., Nunn, M. E. and Lavrin, D. 
H.: Natural cytotoxic reactivity of mouse lymph­
id cells against syngeneic and allogeneic tumors. 
I. Distribution of reactivity and specificity. Int. 
]. Cancer, 16, 216-229, 1975. 

9 ) Herberman, R. B., Nunn, M. E., Holden, H. T. 
and Lavrin, D. H.: Natural cytotoxic reactivity 
of mouse lymphoid cells against syngeneic and 
allogeneic tumors. II. Characterizarion of effector 
cells, Int, J. Cancer, 16, 230-239, 1975. 

10) Oehler, J. R., Lindsay, L. R., Nun, M. E. and 
Herberman, R. B.: Natural cell-mediated cytotoxi­
city in rats. I. Tissue and strain distribution, 
and demonstration of a membrane receptor for 
the Fe portion of IgG. Int, J. Cancer, 21, 204-
209, 1978. 

11) Oehler, J. R., Lindsay, L. R., Nunn, M. E., Holden, 
H. T. and Herberman, R. B.: Natural cell-mediai:­
ed cytotoxicity in rai:s. IL In vivo augmentation 
of NK-cell activity. Int. J. Cancer, 21, 210-220, 
1978. 

12) Oehler, J. R. and Herberman, R. B.: Natural cell­
mediated cytotoxicity in rats, III· Effects of im­
munopharmacologic treatments on natural reac­
tivity and on reactivity augmented by polyinosinic­
polycytidy lic acid. Int, J. Cancer, 21, 221-229, 
1978. 

13) Pross, H. F. and Baines, M. G.: Spontaneous hu­
man lymphocyte-mediated cytotoxicity against tu­
mor target cells. VI. A brief review. Cancer 
Immunol. Immunother., 8, 75-85, 1977. 

14) Herberman, R. B. and Holden, H. T.: Natural kil­
ler cells as antitumor effector cells. J. Natl. Cancer 
Inst., 62, 441-445, 1979. 

15) Roder, J. C. and Haliotis, T.: Do NK cells play 
a role in antitumor surveillance? Immunol. To­
day, 1, 96-100, 1980. 

16) Kiessling, R., Hochman, P. S., Haller, 0., Shearer, 
G. M., Wigzell, H. and Cudkowicz, G. : Evidence 
for a similar or common mechanism for natural 
killer cell activity and resistance to hemopoietic 
grafts. Eur. J. Immunol., 7, 655-663, 1977. 

17) Trinchieri, G., Santoli, D., Dee, R R. and 
Knowles, B. B.: Ami-viral activity induced by 
culturing lymphocytes with tumor-derived or 
virus-trasformed cells. Identification of the anti­
viral activity as interferon and characi:erization 
of the human effector lymphocyte subpopulation. 
J. Exp, Med., 147, 1299-1313, 1978. 

18) Trinchieri, G. and Santoli, D.: Anti-viral activity 
induced by culmring lymphocytes with tumor­
derived or virus-transformed cells. Enhancement 
of human namral killer cell activity by interferon 
and antagonistic inhibition of susceptibility of 
target cells to lysis. J. Exp. Med., 147, 1314-
1333, 1978. 

19) Cudkowicz, G. and Hochman, P. S.: Do natural 
killer cells engage in regulated reactions against 

self to ensure homeostasis? Immunol. Rev., 44, 
13-41, 1979. 

20) Lozzio, C. B. and Lozzio, B. B.: Human chronic 
myelogenous leukemia cell-line with positive Ph­
iladelphia chromosome. Blood, 45, 321-334, 1975. 

21) Andersson, L. C., Nilsson, K. and Gahmberg, C. 
G.: K 562-A human erythroleukemic cell line, 
Int. J. Cancer, 23, 143-147, 1979. 

22) Andersson, L. C., Jokinen, M. and Gahmberg, C. 
G.: Induction of erythroid differentiation in the 
human lekaemia: cell line K 562. Nature, 278, 
364-365, 1979. 

23) Rutherford, T. R., Clegg, J.B. and Weatherall, 
D, J.: K 562 human leukaemic cells synthesise 
embryonic haemoglobin in response to haemin. 
Nature, 280, 164-165, 1979. 

24) Hansson, M., Bakacs, K. K. T., Kiessling, R. and 
Kliein, G.: Intra- and interspecies reactivity of 
human and mouse natural killer (NK) cells. J. 
Immunol., 121, 6-12, 1978. 

25) Klein, E., Ben-Bassat, H., Neuman, H., Ralph, P., 
Zeuthen, J., Polliack, A. and Vimky, F.: Proper­
ties of the K 562 cell line, derived from a patient 
with chronic myeloid leukemia. Int. J. Cancer, 
18, 421-431, 1976. 

26) Levin, A. C., Massey, R. J. and Deinhardt, F.: 
Spontaneous human mononuclear cell cytotoxicity 
to cultured tumor cells: Reproducibility of serial 
measurements with the use of a chromium-release 
microcytotoxicity assay, J. Natl. Cancer Inst., 60, 
1283-1294, 1978. 

27) Santoli, D., Trinchieri, G., Morei:ta, L., Zmijew­
ski, C. M. and Koprowski, H.: Spontaneous cell­
mediated cytotoxicity in humans. Distribution and 
characterization of the effector cell. Clin. exp, 
Immunol., 33, 309-318, 1978. 

28) Oshimi, K., Gonda, N., Sumiya, M. and Kano, 
S.: Effects of corticosteroids on natural killer 
cell activity in systemic lupus erythematosus. Clin. 
exp. Immunol., 40, 83-88, 1980. 

29) Santoli, D., Trinchieri, G., Zmijewski, C. M. and 
Koprowski, H.: HLA-related control of sponta­
neous and amibody-dependent cell-mediated cy­
totoxic activity in humans. J. Immunol., 117, 
765-770, 1976. 

30) West, W. H., Cannon, G. B., Kay, H. D., Bonnard, 
G.D. and Herberman, R. B.: Natural cytotoxic 
reactivity of human lymphocytes against a myel­
oid cell line: Characterization of effector cells. 
J. Immunol., 118, 355-361, 1977. 

31) Gupta, S., Fernandes, G., Nair, M· and Good, R. 
A.: Spontaneous and antibody-dependent cell­
mediated cytotoxicity by human T cell subpopula­
tions. Proc. Natl. Acad. Sci. USA, 75, 5137-5141, 
1978. 

32) Seeley, J. K., Masucci, G., Poros, A., Klein, E. 
and Golub, S. H.: Studies on cytotoxicity gener­
ated in human mixed lymphocyte cultures, II, 



126 Y. Tanaka 

Anti-K 562 effectors are distinct from allospecific 
CTL and can he generated from NK-depleted T 
cells. J. Immunol., 123, 1303-1311, 1979, 

33) Kay, H. D., Fagnani, R. and Bonnard, G.D.: Cy­
totoxicity against the K 562 erythroleukemia cell 
line by human natural killer (NK) cells which 
do not bear free Fe receptors for IgG. Int. J. 
Cancer, 24, 141-150, 1979. 

34) Zarling, J.M., Schlais, J., Eskra, L., Greene, J. J., 
Ts'o, P. 0. P. and Carter, W. A.: Augmentation 
of human natural killer cell activity by polyino­
sinic acid-polycytidylic acid and its nontoxic mis­
matched analogues, J. Immunol., 124, 1852-1857, 
1980. 

35) Boyle, W.: An extension of the 51Cr-release as­
say for the estimation of mouse cytotoxirn. Tran­
splantation, 6, 761-764, 1968. 

36) Bean, M.A., Bloom, B. R., Herberman, R. B., 
Old, L. J,, Oettgen, H.F., Klein, G. and Terry, 
W. D.: Cell-mediated cytotoxicity for bladder car­
cinoma: Evaluation of a workshop, Cancer Res., 
35, 2902-2913, 1975. 

37) Becker, S, and Klein, E.: Decreased "natural kil­
ler" effect in tumor-bearing mice and its ralation 
to the immunity against oncorna virus-determined 
cell surface antigens, Eur, J. Immunol., 6, 892-
898, 1976, 

38) Haller, 0. and Wigzell, H. : Supression of natural 
killer cell activity with radioactive strontium: 
Effector cells are marrow dependent. J. Immunol., 
118, 1503-1506, 1977. 

39) Lee, J.C. and Ihle, J. N.: Characterization of the 
blastogenic and cytotoxic responses of normal 
mice to ecotropic C-type viral gp71. J. Immunol., 
118, 928-934, 1977. 

40) Nelson, D. L., Bundy, B. M. and Strober, W.: 
Spontaneous cell-mediated cytotoxicity by human 
peripheral blood lymphocytes in vitro. J. Immunol., 
119, 1401-1405, 1977. 

41) Eremin, 0., Ashby, J. and Plumb, D.: Andbydy­
dependent cellular cytotoxicity and natural cy­
totoxicity: Effect of pre-treatment of human lym­
phocytes with deionised water and ammonium 
chloride. J. Immunol. Methods, 24, 257-267, 1978. 

42) Savary, C. A., Phillips, J, H. and Lotzova, E.: In­
hibition of murine natural killer cell-mediated 
cytotoxicity by pretreatment with ammonium 
chloride. J. Immunol. Methods, 25, 189-192, 1979. 

43) Poplack, D.G. and Blaese, R.M. :The mononucle­
ar phagocytic system, p. 109-126. In: E. R Sti­
ehm & V. A. Fluginiti (ed.) Immunologic Disor­
ders in Infants and Children, 2nd ed. W. B. Saun­
ders Company, 1980. 

44) Potter, M. R. and Moore, M.: Natural cytotoxic 

reactivity of human lymphocyte subpopulations. 
Immunology, 37, 187-194, 1979. 

45) Mantovani, A., Peri, G., Polentarutti, N., Allave­
na, P., Bordignon, C., Sessa, C. and Mangioni, 
C.: Natural cytotoxicity on tumor cells of human 
monocytes and macrophages, p. 1271-1293. In: 
R. B. Herberman (ed.) Natural Cell-mediated Im­
muity against Tumors. Academic Press, 1980. 

46) Hammerstr¢m, J.: Human monocyte-mediated 
cytotoxicity to K-562 cells: Activation by lympho­
kines. Scand. J. Immunol., 10, 575-584, 1979. 

47) Herberman, R. B., Djeu, J. Y., Kay, H. D., Ortal­
do, J.R., Riccardi, C., Bonnard, G.D., Holden, H. 
T., Fagnani, R., Santoni, A. and Puccetti, P.: Na­
tural killer cells: Characteristics and regulation 
of activity, Immunol. Rev., 44, 43-70, 1979. 

48) Puccetti· P., Santoni, A., Riccardi, C., Holden, H. 
T. and Herberman, R. B. : Activation of mouse 
macrophages by pyran copolymer and role in 
augmen~ation of natural killer accivity. Inc. J. 
Cancer, 24, 819-825, 1979. 

49) Santoni, A., Puccetti, P., Riccardi, C., Herberman, 
R. B. and Bonmassar, E.: Augmentation of natu­
ral killer activity by pyran copolymer in mice. 
Im. J. Cancer, 21, 656-661, 1979. 

50) Santoni, A., Riccardi, C., Sorci, V. and Herber­
man, R. B. : Effects of adriamycin on the activity 
of mouse natural killer cells. J. Immunol., 124, 
2329-2335, 1980. 

51) Oldham, R. K., Dean, J. H., Cannon, G. B., Orta­
ldo, J. R., Dunston, G., Applebaum, F., McCoy, 
J. L., Djeu, J. and Herberman, R. B. : Cryopreser­
vation of hyman lymphocyte function as meas­
ured by in vitro assays. Im. J. Cancer, 18, 145-
155, 1976. 

52) Callery, C. D., Golightly, M., Sidell, N. and Go­
lub, S.H.: Lymphocyte surface markers and cytoto­
xicity following cryopreservation, J. Immunol. 
Methods, 35, 213-223, 1980. 

53) Sato, T., Fuse, A. and Kuwata, T.: Enhancement 
by interferon of natural cytotoxic activities of 
lymphocytes from human cord blood and periph­
eral blood of aged persons, Cell. Immunol., 45, 
458-463, 1979. 

54) Cantor, H., Kasai, M., Shen, F. W., Leclerc, J.C. 
and Glimcher, L. : Immunogenetic analysis of 
"natural killer" activity in the mouse. Immunol. 
Rev., 44, 3-12, 1979. 

55) Orn, A., Gidlund, M., Ojo, E., Gronvik, K-0., 
Andersson, J., Wigzell, H., Murgita, R. A., Senik, 
A. and Gresser, I. : Factors controlling the aug­
menation of natural killer cells, p. 581-592. In: 
R B Herberman (ed.) Natural Cell-mediated Im­
munity against Tumors. Academic Press, 1980, 




