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SUMMARY

Human natural killer cell (NK cell) activity against K-562 target cell line was evaluated in
full term cord blood (n = 30) and adult peripheral blood (n = 20) using 5'Cr release assay.
The level of NK cell activity was lower in cord blood compared to adult controls
(39-6 +11-4% vs 27-4+1 1-8% at effector:target ratio 50:1). Adult males showed a
significantly higher NK activity compared to females. No sex difference was observed in
cord blood. Furthermore, partially purified human leucocyte interferon (IFNOx) increased
in vitro NK cell function of both adult and newborn lymphocytes. The present results
indicate that the appearance and maturation of human NK cells occurs during the
intrauterine life of the human fetus.

INTRODUCTION

Human natural killer (NK) cells are a recently described population of lymphocytes which is
thought to be important in surveillance against tumours (Roder & Duwe, 1979; Karre et al., 1980;
Roder et al., 1980; Talmadge et al., 1980). It is suggested that NK cell is not a special effector cell line
but a certain maturation stage of either early monocyte or T-cell (Lohmann-Matthes, Domzig &
Roder, 1979; Ortaldo et al., 1979).

The appearance of lytically active NK cells in different organs has been studied mostly in mouse
strains. The results show that NK cell activity is absent in newborn mouse, and during the first 6-8
weeks of life it reaches its maximum, decreasing thereafter (Herberman et al., 1975; Kiessling et al.,
1975).

Instead, studies with human effector cells have demonstrated the presence ofNK cell activity in
human newborn lymphocytes. Human cord blood NK activity was observed to be lower compared
to adult cells in different effector-target systems (Timonen & Saksela, 1977; Baines, Pross & Millar,
1978; Sato, Fuse & Kuwata, 1979), or to be equal to adult levels (Jondal & Pross, 1975).

In the present study NK function was evaluated in full-term neonates. Cord blood lymphocytes
expressed ability to kill K-562 target cells. The level of cytotoxicity was lower when compared to
adult controls. Cord blood cells responded with increased spontaneous killing to human leucocyte
interferon.

MATERIALS AND METHODS

Target cells. The cell line K-562 was derived from a patient with chronic myeloid leukaemia in
pleural blast crisis (Lozzio & Lozzio, 1973). K-562 cells which were kindly provided by Dr Leif
Andersson, Department of Pathology, University of Helsinki, Helsinki, Finland, were grown as
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stationary cell suspension cultures in RPMI 1640 medium (GIBCO, New York) supplemented with
10% fetal calf serum (FCS) (GIBco Europe Ltd, Glasgow, Scotland).

Effector cells. Cord blood from 30 full-term, healthy newborns and venous blood from 20
unrelated adults were collected into heparinized plastic tubes. Peripheral blood mononuclear cells
were separated by using a Ficoll-Isopaque (Pharmacia Fine Chemicals AB, Uppsala, Sweden)
gradient centrifugation (Boyum, 1968). The mononuclear cells were depleted of adherent cells as
previously described (Koren & Williams, 1978). In brief, the mononuclear fraction was incubated
for 60 min at 37°C in 5% CO2 atmosphere on plastic tissue culture dishes (Sterilin Ltd, Teddington,
England) in RPMI 1640 medium containing gentamycin (1 jug/ml) and 10% FCS. The non-adherent
cells were harvested and resuspended in fresh RPMI 1640 medium with 10% FCS. After this
procedure the non-adherent cells (macrophage depleted) contain fewer than 1% phagocytic cells as
determined by latex particle uptake (Koren & Williams, 1978).

Cytotoxicity assay. K-562 cells were used in 4 and 18 hr microcytotoxicity assay (West et al.,
1977). Briefly, 2 x 106 target cells in 1 ml were labelled with 400 jyCi 51Cr isotope (The Radiochemical
Centre, Amersham, England) for 1 hr at 37 C and then washed twice with the medium and
resuspended in RPMI 1640 with 0O% FCS at a concentration of 105 cells/ml. The cytotoxicity assay
was performed in round bottom microplates (Nunc, Roskilde, Denmark). Ten thousand
5'Cr-labelled target cells in 0-1 ml were mixed with 0-1 ml effector cells in different effector:target
ratios ranging from 6:1 to 50:1. The test combinations were set up in triplicates, and control wells
containing only target cells were included in each experiment to determine the maximum and
spontaneous release. The microplates were incubated at 370C in 5% CO2 atmosphere for 4 or 18 hr.
After incubation the cell free supernatants were collected using the Titertec Supernatant Collection
System (Flow Laboratories, Irvine, Scotland) and counted in a well-type gamma counter (Wallac,
Turku, Finland). The specific 51Cr release was determined according to the following formula:
(experimental release - spontaneous release/maximal release - spontaneous release) x 100. Maxi-
mal release was determined by incubating labelled K-562 cells alone in water containing 5% sodium
dodecyl sulphate, SDS. The comparison of specific cytotoxicity levels were carried out also in terms
of lytic units (LU). One LU in an effector cell population was defined as the number of cells required
to produce 20% specific cytotoxicity (LU20) using 104 labelled target cells. Results are expressed as

LU2o/106 effector cells.
Interferon. The partially purified Sendai virus-induced human leucocyte interferon (IF; IFNa)

was kindly provided by Dr Kari Cantell, Central Public Health Laboratory, Helsinki, Finland. It
was produced and purified as previously described (Cantell & Hirvonen, 1978). Human leucocyte
interferon was added to cytotoxicity assays at the beginning of 4 hr incubation, the final
concentration being 1000 units/ml in each well.

Statistics. Student's t-test was employed in the comparison of mean values.

RESULTS

Twenty adult and 30 newborn peripheral blood samples were tested for their NK activity. Fig. 1
shows that positive natural killing was observed in almost all neonates. In only two cases was

specific cytotoxicity less than 15% at the highest E:T ratio used. Although the ranges of cytotoxicity
in both groups were about the same, the mean NK levels differed significantly. Human cord blood
lymphocytes expressed a lower level of spontaneous cytotoxicity compared to adult lymphocytes
(P < 0-02 at 6:1 of E:T ratios, and P< 0-01 at higher E:T ratios).

Table 1 shows the results analysed according to the sex of the effector cell donor. In adult group
natural killing was significantly higher in males than in females (P < 0 05). Also the difference ofNK
activity between adults and neonates became more evident when cord blood NK cytotoxicity was

compared to adult male values. Instead, adult females did not show a clearly higher level of natural
cytolytic activity than newborns. Cord blood NK cytotoxicity did not show any difference in respect
to donor's sex. Cord blood NK cell activity was also evaluated according to the management of the
delivery, mother's parity, and the weight of the newborn (Table 2). NK cell function of the neonatal
lymphocytes after Caesarean section or induced labour did not differ significantly from the values
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Fig. 1. NK cell function of human full-term cord blood (0) and adult peripheral blood (0) lymphocytes.
Individual cytotoxicity values are given, and the arithmetic mean values at different E:T ratios are expressed
with horizontal lines.

Table 1. NK cell function in adult peripheral blood and newborn cord blood lymphocytes. Effect of sex

cytotoxicity*

Adult Newborn

E:T ratio male (n = 7) female (n = 13) male (n = 15) female (n = 15)

12 5:1 31 2+7 4 20 6+ 13 1 13 1 +8 0 155+ 10 6
25:1 40 ±+76t 272+123 21 2+11-3 207+11 4
50:1 470+ 5Ot 355+ 120 281 + 117 269+ 127

*Results are expressed as mean + s.d.
tP < 0-05 when compared to adult female values.

Table 2. NK cell function of human full-term cord blood lymphocytes. Effect of delivery, parity and weight of
the newborn

% cytotoxicity*

Delivery

Spontaneous labour (n = 21) 21 7 + 12 4t
Induced labour (n = 5) 20 0+ 9 1
Caesarean section (n = 4) 17 3 + 7 9

Parity

Primipara (n = 9) 22-9+994
Multipara (n=21) 19.9+ 12 1

Weight

<3500g(n=15) 198+80
> 3500 g (n = 15) 21 8 + 14 1

*E:T ratio 25:1.
tMean + s.d.
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obtained after spontaneous labour. Newborns of primi- and multipara mothers expressed about the
same level of spontaneous cytotoxicity against K-562 targets. No difference was observed between
newborns under 3,500 g or over 3,500 g birth weights.

We also studied the effect of human leucocyte interferon (IFNoc) on NK cell cytotoxicity. IFNx
increased the cytotoxicity ofboth adult and neonatal lymphocytes. The augmentation was observed
after 4 hr of incubation. Also the longer incubation period (18 hr) without IFNa treatment resulted
in increase of NK cell cytotoxicity (results not shown).

DISCUSSION

The results of the present study demonstrate that human full-term cord blood lymphocytes express
a positive natural killer cell activity against the K-562 target cell line. The range of cytotoxicity was
large although all newborns were full-term and healthy. Such aspects as the management ofdelivery
(spontaneous or induced labour, Caesarean section), parity, or the weight of the newborn did not
effect the level of cytotoxicity.

All adults tested showed a positive dose-response effect and specific cytotoxicity over 15%.
Adult males expressed higher NK activity against K-562 targets than adult females. Similar results
have been reported earlier (Santoli et al., 1978; Hoffman, 1980; Penschow & MacKay, 1980). In
newborns no difference was observed according to the sex. Steriod hormones, especially oestrogens,
have been suggested to be responsible for the lower NK activity in women, and studies with mice
have demonstrated that exogenous oestrogen reduces NK cytotoxicity (Seaman et al., 1978;
Seaman, Merigan & Talal, 1979). Fluctuations in oestrogen level could also explain the high range
of cytotoxicity observed in females. It is possible that the high maternal oestrogen level in late
pregnancy has an effect also on cord blood lymphocytes reducing NK activity.

In our experiments both adult peripheral blood and newborn cord blood lymphocytes expressed
increased cytotoxicity against K-562 cell line when effector and target cells were incubated with
human leucocyte interferon (I FNoa). Activation ofspontaneous killing was seen already after 4 hr of
incubation. Both adult and cord blood lymphocytes responded with a relative equal increase ofNK
activity after interferon treatment. Results very similar to ours have recently been reported by
Antonelli, Stewart & Dupont (1981) and Kohl et al. (1981). It is obvious that cord blood
lymphocytes contain NK cells which are cytotoxic against K-562 targets, and pre-NK cells which
become cytolytic under the influence of interferon (Saksela, Timonen & Cantell, 1979). Cantell et al.
(1968) have shown that human leucocyte interferon is constantly produced throughout intrauterine
and postnatal life. Recently, Bryson et al. (1980) have reported that human cord blood lymphocytes
are capable ofproducing type I interferon but not immune interferon. This could also partly explain
the lower NK values of cord blood lymphocytes observed in the present study.

The present results are in agreement with earlier studies on the immunological competence of
the human neonate. Cord blood lymphocytes have been shown to express lower cell-mediated
lympholysis after mixed leucocyte culture (Granberg, Manninen & Toivanen, 1976), lower capacity
of antibody-dependent cell-mediated cytotoxicity (ADCC) (Campbell et al., 1974), and lower
phytohaemagglutinin-induced lymphocyte cytotoxicity (Campbell et al., 1974; Eife et al., 1974)
compared to adults. On the basis of these results it is evident that different types of cellular killing
mechanisms are functioning in the newborn although not reaching the adult levels.

Clinically it is important to note a positive NK activity in cord blood because recent studies have
suggested that NK cells may be an important factor against viral infections, e.g. human
cytomegalovirus and herpes simplex virus (Ching & Lopez, 1979) which can cause severe infections
especially in newborns. Our results show that full-term cord blood contains interferon-inducible
NK cells and therefore exogenous interferon in clinical use could improve host responses of
newborns against viral infections.

In conclusion, human newborn cord blood contains a population of lymphocytes which is
cytotoxic against the K-562 cell line without a prior sensitization. The capacity to kill NK sensitive
target cells is lower compared to adult lymphocytes but can be augmented with human leucocyte
interferon. The appearance and maturation of human NK cells occurs during intrauterine life.
Studies on fetal development ofNK cells and the NK capacity of premature infants are in progress.
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