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Abstract-Natural killer (NK) cell activity was observed in the peripheral blood and 
spleen of 8- to lo-week-old Syrian golden hamsters, but not in the bone marrow or 
thymus. Low, but significant, levelsof cytotoxicity werealso observed in mesenteric 
and axillary lymph nodes and cells harvestedfrom the peritoneum. Cytotoxicity, in 
a 4-hr %r-release assay, was found to be nylon wool non-adherent and was 
significantly reduced by treatment with lrypsin or incubation at 37°C for 18 hr. 
Natural cytotoxicity was shown to be low at 1 week of age, but increased to a 
maximum at 8 weeks and was maintained into old age. Correlation was observed 
between peripheral blood cytoloxicity and the presence of large, often granular, 
lymphocytes following fractionation of effector cells by Percoll discontinuous 
gradient separation. These findings are compared with previous studies in 
hamsters, where the results of longer-term cytotoxicity tests differ in some respects 
to those of the present study. 

INTRODUCTION 
NATURAL killer (NK) cells have been shown to be 
an important subset of lymphocytes possessing 
functional significance in tumour resistance and 
immune surveillance [l]. These cells are defined 
by their ability to lyse selected targets without 
prior deliberate sensitization to target cell 
antigens, and effector cells mediating natural 
killing have been identified in man, rats and mice 
[Z-5]. The functional properties and character- 
istics of NK cells in these species have been studied 
extensively, although only recently has the 
morphology of NK cells been described as that of 
large granular lymphocytes (LGL) possessing an 
eccentric kidney-shaped nucleus and azurophilic 
cytoplasmic granules [Z]. Enrichment of cell 
populations with these characteristics have been 
shown to correlate with increased target cell 
killing in the human and rat systems, and LGLs 
have been shown to bind selectively to NK- 
sensitive target cells [6,7]. 

It is not known if NK cells are present in all 
animal species. In the hamster, Datta et al. [8] and 
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Trentin and Datta [9] have reported natural 
cytotoxicity in long-term (16 to 18-hr) assays and 
shown some differences in the properties of 
effector cells compared with other species. Since 
the hamster represents an important animal 
model for the study of many infectious diseases 
[lo, 1 l] and transplantable tumours [12-141, it is 
relevant to define clearly spontaneous cytotoxic 
reactivity in this species. We report here on the 
nature and properties of natural killing by 
hamster peripheral blood and splenic effector 
cells in a 4-hr 5’Cr-release assay. The results show 
that these effector cells possess similar functional 
and morphological properties to NK cells 
described for other species and may be distinct 
from the cytotoxic effects previously reported for 
the hamster [8,9]. 

MATERIALS AND METHODS 
Animals 

Syrian golden hamsters were obtained from a 
closed, randomly bred colony at the University of 
Sheffield. The animals were weaned at age 3-4 
weeks and studies performed using male hamsters 
aged 5-10 weeks unless otherwise stated. Graft 
rejection experiments (Potter and Jennings, 
unpublished findings) have shown these animals 
to be syngeneic. 
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Target cells for natural killer cell assay 
The human myeloid lymphoma line K562 was 

maintained as a suspension culture in medium 
RPM1 1640 supplemented with antibiotics and 
10% newborn calf serum (RPMI-NBCS): xeno- 
geneic target cells, including K562, have pre- 
viously been used to demonstrate cytolytic 
reactivity [4,15]. The human lung fibroblast cell 
line 2002, the Burkitt lymphoma line Raji, the 
mouse lymphoma line PSNSl and the rat 
lymphoma Gl were also maintained in RPMI- 
NBCS. The African green monkey kidney cell line 
vero was grown in Eagle’s Minimal Essential 
Medium and 10% fetal calf serum, whilst the baby 
hamster kidney (BHK) cell line was maintained in 
Glasgow Modified Eagle’s Medium with 10% 
tryptose phosphate broth plus 10% newborn calf 
serum. Prior to cytotoxicity testing, cells were 
harvested from suspension culture bottles, or 
adherent cells were freed from the glass surface 
using 0.5 (w/v) trypsin (Difco 1:250) and washed 
X3 in RPMI-NBCS. After washing the cells were 
re-suspended in 0.1 ml of RPMI-NBCS contain- 
ing 100 &i of chromium-51 ( 5’Cr) (Amersham 
Radiochemicals Ltd.) for 60 min as described 
previously [4,15]. 

Preparation of effector lymphoid cells 
Effector (E) cells were prepared from spleen, 

thymus, bone marrow and axillary and mesenteric 
nodes as previously described [16]. For each 
experiment the cells from 5-10 animals were 
pooled. Peripheral blood lymphocytes (PBL) 
were recovered from blood samples obtained by 
cardiac puncture, separated and partially purified 
on lymphocyte separation medium as described 
previously [17]. In addition, peritoneal cells were 
harvested from the peritoneum in Hank’s BSS 
containing 10 units per ml heparin. All effector 
cell preparations were washed X3 in Hank’s BSS 
and re-suspended in RPMI-NBCS to the required 
concentration: cell suspensions prepared in this 
manner were also used for further purification by 
passage over nylon wool or separation on Percoll 
discontinuous density gradients. Human lympho- 
cytes were prepared by centrifugation of heparin- 
ized blood on lymphocyte separation medium as 
previously described [18]. The cells were washed 
~3, counted and re-suspended in RPMI-NBCS. 

Nylon wool column fractionation 
Cell suspensions containing 1.0 x lo* cells in 

1.5 ml of RPMI-NBCS were incubated for 50 min 
at 37°C with 0.5 g of nylon wool packed into a 
5.0 ml disposable syringe barrel [19]. After 
incubation non-adherent cells were eluted from 
the column with 25 ml of pre-warmed RPMI- 
NBCS and washed X3 with the same medium. 

Adherent cells were removed from the nylon wool 
by gently teasing in RPMI-NBCS medium: these 
cells were washed X3 in RPMI-NBCS medium 
prior to use in cytotoxicity tests. 

Treatment with typsin and 1%hr incubation at 
37°C 

Nylon wool column (NWC)-eluted peripheral 
blood lymphocytes were washed X2 in Hank’s 
BSS and re-suspended in pre-warmed (37°C) PBS 
or 0.5% (w/v) trypsin for 10 min. After incubation 
the cells were washed X2 in RPMI-NBCS and re- 
suspended to the required concentration for 
testing in a 4-hr “0-release assay. Other NWC- 
eluted PBLs were washed X3 in RPMI-NBCS and 
stored in 25-ml plastic tissue culture flasks 
overnight (18 hr) at 37 or 4°C. After incubation the 
cells were washed X2 in RPMI-NBCS and re- 
suspended to the required concentration before 
testing in a 4-hr release assay. 

Evaluation of effector cell morphology 
Effector cells (2 X 105) in an 0.2-ml volume were 

centrifuged for 10 min at 900 revs/min on to 
microscopic slides using a cytospin centrifuge 
(Sandon Elliott). The preparations were air dried, 
fixed for 10 min in ethanol and stained for 25 min 
with 10% Giemsa (Fisher Scientific Company, 
Fairborn, N. J.) diluted in PBS. The preparations 
were examined by using the oil immersion 
objective and >200 cells identified for each 
preparation. 

Non-specific esterase (ANBE) staining 
Air-dried cell preparations, prepared as 

described for Giemsa staining, were fixed at room 
temperature for 30 set, incubated with hexazotized 
pararosaniline and a-naphthyl butyrate for 45 
min at 37”C, washed and counterstained with 
1.5% methyl green: this method has been 
described previously in detail [20]. 

Discontinuous density gradient separation 
Effector cells were separated by Percoll 

discontinuous density gradient fractionation as 
previously described [4,21]. A stock Percoll 
solution of 310-315 mosm/kg Hz0 was prepared 
and adjusted to isotonic strength with X10 
concentrated phosphate-buffered saline, pH 7.4 
(PBS), and used to prepare 7-step density 
gradients; the varying concentrations of Percoll 
were prepared by diluting the stock solution with 
RPMI-NBCS. The following Percoll concentra- 
tions were used to prepare step gradients: 70% 
(1.5 ml), 65% (1.5 ml), 60% (1.5 ml), 55% (1.5 ml), 
50% (2.5 ml), 45% (2.5 ml) and 40% (2.0 ml) 
Percoll in 15-ml conical centrifuge tubes. Up to 
5 X lo7 NWC-eluted cells in a 1.5-ml volume were 
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layered on top of the gradient, which was 
centrifuged at 550 g for 30 min. The cells at each 
interface were harvested, washed X3 in RPMI- 
NBCS and their viability and per cent recovery 
was assessed by trypan blue exclusion. The cells 
were identified morphologically by Giemsa and 
non-specific esterase (ANBE) staining and their 
cytolytic activity measured in a 4-hr “0-release 
assay. 

RESULTS 

Organ distribution of cytotoxicity 

Cytotoxicity assay 
The details of this test have been described 

previously [4, 151. Briefly, 1.0 X104 ‘*Cr-labelled 
target (T) cells in an 0.1-ml volume of RPMI- 
NBCS were incubated with an equal volume of 
effector (E) cells in round-bottomed wells of 
microtitre plates (Limbro Scientific Company, 
Mamden, U.S.A.): the E:T ratio ranged between 
100: 1 and 3: 1. After incubation for 4 hr at 37°C a 
0.1 -ml volume of supernatant fluid was removed 
from each well and assessed for isotope content. In 
addition, the remaining supernatant and cells 
were assessed for radioactivity; the amount of 51Cr 
present was measured in a y-spectrophotometer. 
The isotope release in the presence of effector cells 
was compared with that of target cells incubated 
in medium alone (control). All tests were carried 
out in triplicate and the per cent Cr-release and 
cytotoxicity calculated by the formulae: 

Effector cells were obtained from various 
organs removed from adult hamsters and tested 
for cytotoxicity against K562 target cells in 4-hr 
“Cr-release assays. The results are shown in Table 
1. Peripheral blood lymphocytes gave 54.9 and 
31.7% cytotoxicity in two separate 4-hr assays at 
an E:T ratio of 1OO:l; similar levels of cytotoxicity 
were observed for spleen lymphocytes. However, 
lymphocytes from mesenteric or axillary lymph 
nodes, thymus, peritoneal or bone-marrow cells 
showed insignificant levels of cytotoxicity or 
weak killing at high E:T ratios (Table 1). 
Thymocytes and bone-marrow cells in particular 
failed to cause significant killing of K562 targets. 

To study further the cytotoxicity of PBL and 
spleen-cell suspensions these cells were passed 
over a nylon wool column and the adherent and 
non-adherent cell populations examined for 
cytotoxicity against K562 in 4-hr 51Cr-release tests. 
The results are shown in Table 2. Nylon wool- 
adherent effector cells from PBL showed reduced 
levels of cytotoxicity compared with unfraction- 
ated cells, whilst NWC-eluted cells showed 
comparatively high cytolytic activity. NWC- 
retained splenic effecters also showed reduced 
levels of cytotoxicity when compared to un- 
fractionated cells. NWC-eluted cells, however, 
although showing higher cytolytic activity than 
retained cells, also showed lower levels of 
cytotoxicity as compared to unfractionated spleen 
cells. 

% release = 
(ti SN) X 2 

(‘/2 SN) + (% SN + cells) 
x 100, 

where SN = supernatant, and 

counts/min of test group 
- counts/min in medium 

control 
% cytotoxicity = x 100. 

total counts/min in lo4 
targets - counts/min of 

counter background 

Some results are expressed as lytic units (LU)/106 
cells, with an LU being the number of effector 
cells required to cause 20% cytotoxicity. 
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Natural cytotoxicity of PBL and spleen cells from 
hamsters of different ages 

PBL and spleen cells from hamsters aged 1 
week-l% yr were passed over nylon wool and the 
non-adherent cells examined for cytotoxicity 
against K562 cells in a 4-hr 51Cr-release assay. The 
results are shown in Fig. 1. Cytotoxicity was 
demonstrable for both spleen and PBL cells at all 
ages tested, except hamsters aged 1 week (spleen 

Table 1. Organ distribution of natural cytotoxicity in hamsters 

Source Effector: target-cell ratio 
of Experiment 1 Experiment 2 

effector cells 1OO:l 5O:l 25:l l2:l loo:1 50: 1 25:1 12:l 61 3:1 

Peripheral blood 54.9 39.0 31.5 21.9*** 31.7 36.6 36.9 25.6 14.8*** 1.2* 
Spleen 43.4 30.5 23.6 15.0*** 51.8 47.6 42.2 38.3 28.5*** 8.7*** 
Mesenteric lymph node 0.7NS 1.5* 0.3”” O.oN” 5.4* 3.6; O.tF 2.0N\ NT NT 
Axillary lymph node 1.4’ 1.2* 0.0 0.F 5.7** 1 .l” 0.0 1.4”” NT NT 
Thymus 0.4 0.0 0.1 0.0 0.0 1 .lNs 0.0 2.4NS NT NT 
Peritoneal cells 2.8* 1.4; l.du 0.ps 4.2** 3.8** 2.6Ns 0,9YS NT NT 
Bone marrow 0.0 1.oNs 0.0 0.0 0.0 0.0 0.0 0.0 NT NT 

Cytotoxicity assessed by Student’s 1 test: *P=<O.O5; **P=<O.Ol; ***P=<O.OOl; NS = not significant; NT=not tested. All 
experiments were performed using unfractionated effector cells in 4-hr “Cr-release assays. 
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K562, although by comparison vero and 2002 cell 
targets were weakly susceptible to hamster PBL 
killing and slightly more susceptible to effector 
cells derived from hamster spleen. In contrast, the 
Raji cells showed approximately 60% cyto- 
toxicity with PBL and spleen effector cells at an 
E:T ratio of 5O:l (Fig. 2). PSNSl, Gl and BHK 
targets were shown to be susceptible to both 
hamster PBL and spleen-cell cytotoxicity (P<O.Ol), 
although the level of activity was less than that 
observed towards K562 and RAJI targets. Repeat 
experiments showed a similar trend in target-cell 
susceptibility using both PBL and spleen effector 
cells. 

Effect of typsin on cytolytic activity 

@I- 

50 - 

40- 

0 M- 

g . . . 
c aa 

Nylon wool column-eluted hamster PBLs were 
suspended in either PBS or0.5% (w/v) trypsin and 
incubated at 37°C for 10 min. washed X3 in 
RPMI-NBCS and tested for cytotoxicity towards 
K562 target cells. The results are shown in Fig. 3. 
Lymphocytes pretreated with trypsin demon- 
strated significantly reduced cytolytic activity. 
Examination of the morphology of trypsin- 
treated effector cells did not indicate that the 
enzyme treatment was toxic with respect to cell 
numbers or phenotypic characteristics. 

10 - 

, , 
100 50 0 

Effector : Target cell ratio 

Fig. 4. Per cent cytotoxicity in a 4-hr release assay of nylon 
wool column-eluted peripheral blood lymphocytes after 18 hr 
incubationat 4 (0) or 37°C (A). Cytotoxicity was assessed by 
Student’s t test at each E:T ratio between the two curves. 
***P = <O.OOl at each point. The results were shown to be 

reproducible in three repeat experiments. 

than effector cells incubated at 4°C. No significant 
difference in cell numbers or individual cell-type 
morphology was observed between the two cell 
populations. 

ml 50 0 

Effector : Target cell ratio 

Fig. 3. Per cent cytotoxicity, in a 4-hr release assay, of nylon 
wool column-eluted peripheral blood lymphocytes after 10 
min incubation at 37°C in PBS (0) or typsin (A). Cytotoxicity 
was assessed by Student’s t test at each E:T ratio for treated and 
untreated effecters. ***P = <O.OOl; *P = <0.05. The results 
were shown to be reproducible in several repeat experiments. 

Effect of 1%hr incubation at 4 or37”Con cytolytic 
activity 

Nylon wool column-eluted PBLs were stored 
overnight in RPMI-NBCS at 4 or 37°C and the 
following day tested for cytolytic activity towards 
K562 targets. As shown in Fig. 4, PBLs incubated 
at 37°C were significantly lesscytotoxic(P<O.OOl) 

Percoll discontinuous density gradient fraction- 
ation 

Nylon wool-non-adherent hamster PBLs were 
layered onto a 7-step Percoll gradient and 
centrifuged at 550g for 30 min. The cells were 
collected from the gradient interfaces and tested 
for cytolytic activity against K562 cells in a 4-hr 
Vr-release assay. In addition, each cell popula- 
tion was counted and identified by Giemsa and 
non-specific esterase staining. The results are 
shown in Fig. 5. Lymphocytes were found in the 
highest concentrations in fractions 4, 5 and 6 
respectively and were predominantly large 
lymphocytes, with a small percentage (5-10%) 
possessing cytoplasmic granules. In addition, 
these fractions were shown to possess high 
cytolytic activity for K562 target cells. Signi- 
ficantly lower levels of cytolytic activity against 
K562 targets were found for cells recovered from 
fractions 1 and 3, which were composed mainly of 
polymorphonuclear cells and unidentifiable 
cells, probably a mixture of neutrophils and 
lymphocytes which had been distorted during the 
separation procedure. Low levels of small 
lymphocytes were recovered from fractions 5 and 
6, but their numbers failed to correlate with any 
increase in cytotoxicity. 

The results are representative of those obtained 
in other similar experiments, where killing was 
associated with cells recovered from interface 
fractions between 50 and 65% Percoll and where 
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A r 100 

Fraction number 

Fig. 5. Lytic unitsobtained from the interfaces oja7-stepPercolldiscontinuousdensitygradientplotted with 
the percentage of cell types found at each interface. One lytic unit = No. of lymphocytes/106 lymphocytes that 
are capable of giving 20% cytotoxicity. ??=Possibly neutrophils, distorted lymphocytes and dead cells; 
0 = neutrophils; &I = small lymphocytes; ??= large lymphocytes; U = large granular lymphocytes. Monocytes 
were shown to be less than 1.0% in all fractions. These results were found to be reproducible in three repeat 
experiments. The percentages of cell recovery at each interface are as follows: fraction 1,2.0%; fraction2,0.0%; 

fraction 3, 4.0%; fraction 4, 11.0%; fraction 5, 23.0%; fraction 6, 52.0%; fraction 7, 0.0%. 

the highest number of large, and sometimes 
granular, lymphocytes fractionated. This is in 
contrast to rats, mice and humans, where cells 
mediating natural killing separated in lower- 
density Percoll fractions [2-51. 

In experiments where human and hamster 
NWC-eluted PBLs were fractionated on 7-step 
Percoll gradients simultaneously, natural killer 
activity towards K562 targets was associated with 
fractions 2,3 and 4 for the human and fractions 4, 
5 and 6 for the hamster. The distribution of large, 
often granular lymphocytes was also associated 
with fractions possessing high cytotoxicity (Table 
3). 

It therefore appears that the cell type 
responsible for cytotoxicity in a 4-hr 5’Cr-release 
assay in hamsters, although morphologically very 
similar to those described in other systems, is more 

dense. Staining for non-specific esterase showed 
that less than 1% of NW-non-adherent cells were 
esterase-positive and Percoll fractions enriched 
for cytotoxic activity were devoid of such cells. 

DISCUSSION 

A previous report has demonstrated the 
existence of spontaneous cell-mediated cyto- 
toxicity in hamsters using 16- to 18-hr cytotoxicity 
assays [8,9]. The results from such studies, 
however, differ from those reported here in a 4-hr 
assay and may be due to the presence of effector 
cell subsets which mediate cytolytic activity in 
longer-term assays and which may show a 
difference in organ distribution and target-cell 
susceptibility. Employing a 4-hr cytotoxocity test, 
we have evaluated natural killing against the NK- 
sensitive target line K562 and determined some 

Table 3. Comparison of cytotoxicity of hamster and human PBLfollowingseparation on 
discontinuous 7-step Percoll gradients 

Fraction % cell 
No. recovery 

1 5.0 
2 0 
3 3.0 
4 17.7 
5 27.0 
6 20.7 
7 7.0 
Pellet 3.4 

Hamster 
LU/106 % 

lymph LGL 

<l .o 0.0 
0 0 

< 1 .o 2.1 
< 1 .o 3.2 

3.2 4.1 
5.0 4.4 

< 1 .o 1 .o 
<l.O 0 

% cell 
recovery 

0.1 
0 
5.2 

16.3 
34.0 

6.0 
1.8 

Human 
LU/106 % 

lymph LGL 

<l.O 0.0 
0 0 
8.3 32.0 

10.0 38.0 
1.1 7.0 
1 .o 0.0 

<l.O 0.0 
<l.O 0.0 

LU = lytic units expressed as the number of lymphocytes per 1 X lo6 lymphocytes giving 20% 
cytotoxicity against K562 target cells. 
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differences in the properties of the effector cells to 
those reported previously [8,9]. The results 
shown here indicate that peripheral blood and 
spleen cells in particular are a rich source of 
spontaneous cytolytic activity. Spleen and peri- 
pheral blood effector cells were consistently 
cytotoxic towards the NK-sensitive target K562 as 
well as to BHK and Raji target cell lines, while 
other target cells (vero, 2002, P3NSl and Gl cells) 
were relatively insensitive to both spleen and PBL 
effecters. Datta et al. [S] have reported that spleen, 
bone-marrow and mesenteric lymph-node cells 
possess high cytotoxic activity in a 16- to 18-hr 
assay against the Simian adenovirus ‘I-induced 
lymphoma cell line, and that thymocytes were 
inactive under these assay conditions. However, 
the organ distribution of effector cells in a 4-hr 
assay against K562 targets shows spleen cells and 
PBL to be rich in cytolytic activity, while bone 
marrow and thymus were inactive; weak, but 
sometimes significant, activity was demonstrated 
in cells removed from the peritoneum, mesenteric 
and axillary lymph-node cells. In particular, the 
bone-marrow cell reactivity demonstrated in 16- to 
18-hr assays would suggest the presence of an 
effector cell population distinct from cells 
mediating cytolytic activity in 4 hr [8,9]. 

In the mouse, NK cell activity has been shown 
to be age-restricted, being maximum at 8 weeks of 
age and declining to insignificant levels by 12-14 
weeks of age [l]. However, studies in rats 
[22-241 and in humans [25,26] have shown that 
NK cell activity is maintained into old age. Our 
studies in hamsters indicate that natural cyto- 
toxicity against xenogeneic K562 target cells is 
present at 3, but not at 1, weeks of age, is maximum 
at 8 weeks and remains high up to I!4 yr of age. 
Results of longer-term cytotoxicity tests [9] de- 
monstrate the presence of natural cytotoxicity in 
4-day-old hamsters, with activity increasing 
progressively with age, but in the present study 
cytolytic activity appeared to decline with age. In 
addition, natural cytotoxicity in 4-hr assays was 
sensitive to trypsin treatment, while effecters 
mediating cytotoxicity in 16- to 18-hr assays were 
resistant. These studies further indicate the 
possible existence of at least 2 distinct popula- 
tions of cells mediating natural cytotoxicity, and 

in view of the importance of certain hamster 
tumours as models for the study of neoplastic 
disease [9,12,14,27-291, a clear definition of 
natural effector mechanisms is therefore essential. 

Studies in the rat, mouse and human have 
shown natural killer cell activity to be associated 
with lymphocytes of a distinct morphological 
type [2-51 which have been described as large 
lymphocytes with an eccentric nucleus and 
azurophilic granules in their cytoplasm. These 
effector cells fractionate on Percoll discontinuous 
gradients in a distinct and reproducible manner, 
and interface fractions rich in large granular 
lymphocytes (LGL) have been shown to possess 
maximum NK cell activity. In these studies LGLs 
were found to bind selectively to NK-sensitive 
target cells, while other cell types (LGL-depleted 
cell populations) showed reduced cytotoxic 
activity and binding capacity [6,7]. It was 
therefore particularly relevant to determine the 
morphology of natural cytotoxic effector cells in 
the hamster since it has been inferred that LGL 
morphology may be a universal marker for NK 
cells. In keeping with the observations reported 
for other rodents and for man, hamster effector 
cells fractionated on Percoll discontinuous 
gradients showed good correlation between 
cytolytic activity and the presence of large, 
sometimes granular, lymphocytes. However, this 
cell population was shown to separate between 50 
and 65% Percoll, showing them to be more dense 
than those found in rats, mice and humans. There 
was no evidence that small lymphocytes were 
responsible for cytotoxicity, and although poly- 
morphs were present in cytotoxic fractions, it is 
unlikely that these cells are responsible for 
mediating cytotoxicity since they also constituted 
a dominant cell population in fractions devoid of 
cytotoxic activity; also, other studies have shown 
them to be devoid of NK cell activity [15]. Initial 
studies on the extent to which different effector 
cell populations bind to NK-sensitive targets 
indicate that both large lymphocytes and 
polymorphonuclear (PMN) leukocytes form 
conjugates with K562 target cells (Teale et al., 
unpublished results), and it is likely that natural 
cytotoxicity is mediated by the large lymphocyte 
population. 
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