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Peripheral blood lymphocytes (PBL) from both adult pigs and suckling piglets 

showed natural killer (NK) activity against porcine B cell tumor cell line Mitsu­

kaido, and this activity increased after incubation of PBL in glass Petri dishes at 

37°C for 16 h. The NK activity against homogeneous Mitsukaido was higher 
than that against heterogenous human chronic myelogenous leukemia cell line 

K562. 

NK activity of suckling piglets against Mitsukaido was not observed during 1 

to 3 weeks of age. However, the activity rose slightly at 4 weeks old, and it 

remarkably at 5 weeks old. On the other hand, NK activity against K562 was 

not seen during 1 to 4 weeks of age, but at 5 weeks old, it was clearly 
recognized. 

These results indicated that the NK activity of piglets at 1 to 3 weeks of age 
was very low compared with adult controls. 
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INTRODUCTION 

It is well known that suckling piglets are immunodeficient because of the poor 

differentiation of B lymphocytes into antibody-forming cells (ALLEN & PORTER, 1973; 
KIM, 1975; NAMIOKA et al., 1983; YABIKI et al., 1974). 

Recently, SUGANUMA et al. (1986) reported that this immunodeficiency is thought 
to be due to an activation of suppressor T lymphocytes. 

Apart from the immune system of T and B lymphocytes, there is spontaneous 

cytotoxicity against various targets in natural killer (NK) cells. NK activity was first 

observed in the mouse, and particularly high levels of NK activity were found in the 

"nude" mouse (HERBERMAN et al., 1975; KIESSLING et al., 1975). It has been post­

ulated that NK cells play an important role in immune surveillance against tumors and 
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various infections. Though several workers reported the presence of porcme NK 
activity (KOREN et at. 1978; KIM et at. 1980; CEPICA & DERBYPHIRE, 1983; NORLEY 
& WARDLEY, 1983; MARTIN & WARDLEY, 1984; TAKAMATSU & KOIDE 1985), their results 
varied among the researchers. 

In this investigation, NK activity of peripheral blood lymphocytes (PBL) derived 
from suckling piglets was examined for the purpose of comprehending to some degree 
immunoresponsiveness in the suckling stage. NK activity of PBL from both adult pigs 
and suckling piglets was tested in a 4 h 51Cr-release assay against porcine B cell tumor 
cell line Mitsukaido and human chronic myelogenous leukemia cell line K562. 

MATERIALS and METHODS 

A n z"ma Is 

Six specific pathogen free (SPF) pigs (2.5 to 7 months old) and four piglets from a 
SPF sow were used. They were maintained in a minimal disease condition. 

I solation of mononuclear cells from peripheral blood 

Blood samples were collected from the jugular vein and mononuclear cells were 
isolated by Ficoll-Conray gradients (NAMIOKA et al., 1983). Briefly, blood was diluted 
with an equal volume of phosphate buffered saline (PBS), the diluted blood (10 ml) was 
layered on 3 ml of Ficoll-Conray solution (10 parts of 33.4% Conray with 24 parts of 
9% Ficoll, specific gravity, 1. 084) and centrifuged for 30 min at 400 x g at 20°C. The 
lymphocyte rich middle fraction was withdrawn and the cells were washed four times 
in PBS at 4°C. After that, the cells were suspended in RPM! 1640 medium sup­
plemented with 10% fetal bovine serum (FBS), antibiotics (penicillin 100 punits/ml, 
streptomycin 100 ,ug/ml) and HEPES (20mM/ml). This cell suspension contained 
about 5% cells positive for phagocytosis of yeasts. 

Culture of mononuclear cells and removal of adherent cells 
Mononuclear cells were adjusted to 3 x 106/ml in RPM! 1640 medium (containing 

10% FBS) and dispensed in 10 ml per glass Petri dish. They were incubated for 1 or 
16 h at 3rC in a 5% CO2 atmosphere. Nonadherent cells contained less than 1% 
cells which were positive for phagocytosis of yeasts. 

Then, 3 ml of the cell suspensions were added to the test tubes. Nonadherent 

cells were collected after incubation at 3rC for 16 h under 5% CO2 air and were also 
used as effector cells. Effector cells were adjusted to 107/ml in RPM! 1640 medium 
(containing 10% FBS). 

Target cell preparation 
Porcine B cell tumor cell line Mitsukaido (KODAMA & OGIHARA 1986) and human 

myeloid leukemia cell line K562 were used as target cells for NK assay. Briefly, 1 to 
10 X 105 cells were resuspended in 0.3 ml of RPMI 1640 containing 10% FBS, 
respectively. Then 100 pCi of Na2 51Cr04 (specific activity 360 to 530 mCi/mg, No. 
MEZ-030s, New England Nuclear, USA) were added to the target cells, which were 
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incubated for 1 h at 3TC in a 5% CO2 atomosphere. The labeled cells were washed 

twice in RPMI 1640 medium (containing 10% FBS) and adjusted to 105/ml. 

Assay for NK activity 
A 4 h 51Cr-release assay method was used to measure cytotoxic activities for NK 

as described by KIM et al. (1980). Two-fold serial dilution of effector cells was 
incubated in the wells of a 96 well flat-bottomed microtitre plate (Corning 25860, USA) 
with 51Cr-Iabeled target cells, giving the ratios of 100: 1, 50: 1, 25: 1 in total 

volumes of 200 pI of medium. The plates were incubated at 3TC for 4 h in a 5% 
CO2 atmosphere. The assay was terminated by centrifuging the plates for 10 min at 

200 x G and 100 pI of the supernatants were collected. Radioactivity was counted in 

a gamma counter (Aloka, ARC-500). The spontaneous release (SR) was determined 
as the counts per minute (cpm) by adding target cells to the medium alone. The 
maximum release (MR) was determined .as the cpm in the supernatants after lysis of 

the targets with 1% Triton X-100. 
The formula used to calculate the % specific 51Cr-release was: 

cpm Experimental- cpm SR 
% specific release (lysis) cpm MR _ cpm SR X 100 

SR for K562 was 8.2 ± 1.5% (mean±SD) of MR, and SR Mitsukaido was 13.6±4.0% 
of MR. 

RESUL TS and DISCUSSION 

Recently, KODAMA and OGlHARA (1986) established porcme B cell tumor cell line 
Mitsukaido. At first, NK activity in PBL from adult pigs was observed using this cell 
line as a target. Table 1 shows the influences of culture vessels in which PBL are 

contained and the incubation times against NK activity. NK activity of PBL cultured 

TABLE 1 Influences of culture vessels and times at appearance of NK activity In PBL 
from adult pigs 1 

Vessels 

Test tube 

Glass petri dish 

1h 

N. D.2 

5.1±O.7%3 

Times 

16h 

4.5±2.2 

27.7±19.9% 

1) NK activity of peripheral blood lymphocytes (PBL) from adult pigs at an effector/ 

target (E: T) ratio of 100: 1 was tested in a 4 h 5lCr-release assay against por­

cine tumor cell line Mitsukaido. 
21 Not done 

31 Data represent the mean (± SD) % 
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for 16 h was five times higher than that cultured for 1 h, while PBL cultured in test 

tubes for 16 h showed lower NK activity than those cultured in glass Petri dishes. 
This result agrees with the findings of KOREN et al. (1978) and TAKAMATSU & KOIDE 
(1985). According to the results mentioned above, PBL cultured in glass Petri dishes 

at 37°C for 16 h were used as the effector cells throughout the study to measure NK 
activity of PBL. 

Figure 1 shows the NK activity at different effector! target (E: T) cell ratios 
against Mitsukaido and K562. Cytotoxic activity of the PBL both against Mitsukaido 
and K562 was augumented with the increase in the number of effector cells. Higher 
cytotoxic activity of the adult PBL was shown against Mitsukaido than heterogeneous 

K562 in the same adult pigs No.5. 
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50 50 
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EFFECTOR: TARGET CELL RATIO 

FIGURE 1 Effect of effector/target (E : T) ratio on target cells lysis. Porcine B cell 
tumor cell line Mitsukaido and human chronic myelogenous leukemia cell 
line K562 were used as target cells for NK assay. Effector cells were 
peripheral blood lymphocytes (PBL) from adult pigs (Nos. 3, 4, 5 and 6) 
and incubated for 16 h at 37°C before NK assay. 
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FIGURE 2 Development of NK activity in PBL from suckling piglets. Homogeneous 
Mitsukaido and heterogeneous K562 were used as target cells for NK 
assay. PBL from suckling piglets incubated for 16h at 3rC before NK 
assay. 
Data represent the mean (± SD) of the NK activity at an E: T ratio of 
100: 1. 
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Figure 2 shows NK activity of PBL from piglets at 1, 2, 3, 4 and 5 weeks of age 

against Mitsukaido and K562. 

during 1 to 3 weeks of age. 

Cytotoxic activity against Mitsukaido was not observed 

However, the activity was observed slightly at 4 weeks 

old, and it increased remarkably, reaching 65.9 per cent of the adult NK activity, at 5 
weeks old. On the other hand, cytotoxic activity against K562 was not seen during 1 

to 4 weeks of age, but at 5 weeks old, it was clearly recognized. Cytotoxic activity 

of suckling piglets against homogeneous Mitsukaido was higher at 4 to 5 weeks of age 

than that with heterogeneous K562. 

HUH et a1. (1981) reported that the colostrum-deprived piglets obtained by aseptic 

hysterectomy developed NK activity at 3-4 weeks of age, whereas the activity was 

seen at 2-3 weeks of age in colostrum-fed piglets which were naturally-farrowed. 

According to the results of CEPICA & DERBYSHIRE (1984), who applied the 16 h 
51Cr-release assay, there was a lack of spontaneous cell mediated cytotoxicity of 

piglets against transmissible gastroenteritis virus infected cells during the first week of 
life, but significant activities developed during the second week and usually increased 

further by the sixth week. 
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In our study, NK activity was not observed in the piglets at 1-3 weeks of age, 

while the NK activity was clearly recognized at 5 weeks old. This result differs 
somewhat from that of other studies as was mentioned above: the difference may be 

due to considerable variations in the method of culture of PBL, the type of target cells 
chosen and the incubation time for the assay of cytotoxicity. In particular, the 
51Cr-release assay time for detecting the NK activity varied according to the workers, 

which indicates the need for a standardized detection method. 
However, it was interesting that the appearance of clear NK activity of piglets at 

five weeks coincided with the period of the disappearance of the suppressor activity of 

T lymphocytes (SUGANUMA et a1. 1986). Therefore it is reasonable to consider that 

there might be a relationship between productivity of interleukin 2 (IL2) and NK 

activity. In humans, it is well known that NK activity of cord blood and newborn 

peripheral blood is still low compared with that of adult. Recently, it was reported 
that the NK activity of newborn peripheral blood could be enhanced by interferon 

(lFN) and IL-2 (SATO et aI., 1979; ANTONELLI et aI., 1981; KOHL et al., 1981; UENO 

et aI., 1985; SEKI et aI., 1985). 

As was described previously, in pigs, the potency of the suppressor activity of 

newborn T lymphocytes may be inversely proportional to the production of IL-2 from 

helper T lymphocytes; therefore it is reasonable to consider that the NK activity of 
newborn peripheral blood up to 4 weeks of age is low. 

In this connection, comparative studies are required to measure the production of 
IFN and IL-2 between suckling and adult pigs. 
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