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NATURAL CYTOTOXICITY against cells
derived from solid or lymphoid animal
tumours has been reported, and a distinc-
tion has been drawn between those cells
which have been termed "natural killer"
(NK) cells (Herberman & Holden, 1978;
Datta et al., 1979; Stutman et al., 1978;
Paige et al., 1978; Shellam, 1977; Kiessling
et al., 1975a; Nunn & Herberman, 1979;
Wigzell, 1978; Herberman et al., 1975;
1977) and adherent cytotoxic macro-
phages (Keller, 1978; Meltzer, 1976;
Chow et al., 1979; Tagliabue et al., 1979).
The importance of natural cytotoxicity
(NC) in immune surveillance against can-
cer cells has been inferred from experi-
mental observations; for example, high
NK activity has been correlated with
increased resistance to tumour trans-
plantation (Kiessling et al., 1975b; Pet-
ranyi et al., 1976; Sendo et al., 1975;
Haller et al., 1977; Greenberg & Greene,
1976) and abrogation of in vivo macro-
phage function has been reported to
increase the frequency of tumours in mice
(Chow et al., 1979). We present here studies
on natural cytotoxicity in Syrian ham-
sters, using target cells derived from in
vivo transplanted tumour lines. In these
studies splenic NC reactivity was shown
to be dependent on the presence of ad-
herent cells, possibly macrophages and,
unlike NK-cell reactivity, this cytotoxicity
was not age-restricted.

Syrian hamsters were obtained from a
closed, randomly bred colony at the
University of Sheffield, and maintained

on a water-and-Oxoid complete pasteur-
ized diet ad libitum. The T-lymphoma lines
EL4 and TLX9 were maintained as ascites
transplant lines in inbred male C57BL
mice, and the Mc2B-sarcoma line was
established from a primary C57BL tumour
induced by s.c. inoculation of 500 ,ug of
MCA. This tumour has been serially trans-
planted by trocar implantation into male
mice of the same inbred strain and used
in the present study between the 20th
and 25th transplant generation. The SA7/
DBA hamster tumour was established by
inoculation of in vitro cultured hamster
embryo fibroblasts treated with 1,2,3,4-
dibenzanthracene (DBA) (20 ,ug/mnl) and
transformed by Simian adenovirus Type 7,
and kindly supplied by I. Barton, from
this department. The SA7/DBA in vivo
transplant line was used between the
12th and 15th passage level, and the histo-
logical appearance of this tumour is that
of an undifferentiated sarcoma.

Target cells, for use in cytotoxicity
tests, were derived from ascites lymphoma
cells, or by trypsinization of fragments
of solid tumours. The cells were washed
x 3 in Medium 199, and 107 cells radio-
labelled with 100 ,uCi Na2 51CrO4 in a
volume of 1-0 ml. Tests were performed in
triplicate using 105 51Cr-labelled target
cells (0.1 ml in volume) mixed with normal
hamster lymphoid cells (0-1 ml in volume)
in ratios of 100:1, 50:1, 10:1 and 1:1
(effector cells: target cells) in Nunc U-
bottomed microtest plates (Gibco-Biocult,
Paisley, Scotland). Tests were incubated
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for 4 h at 3700 in 5% C02/95% air; the
cells were then sedimented, and the
supernatant assessed for isotope content.
Cytotoxicity was calculated by the
formula:
%5 lCr-release

ct/mm in supernatant x 100
ct/min in supernatant + cells

The values given indicate the %5lCr
release after subtraction of the % spon-
taneous release from target cells incubated
in medium alone, which was usually 5-
10%. The statistical significance of the
results was assessed by Student's t test.
Competition experiments were performed
by addition of unlabelled tumour cells to
the effector cell/radiolabelled target cell
mixture (ratio 100:1) and the reduction in
cytotoxicity in the presence of competitor
cells calculated. Lymphoid-cell character-
ization procedures have been previously
documented (Rees et al., 1975).
The results presented demonstrate the

presence of naturally occurring cytotoxic

cells in the spleens of normal hamsters
(Table I). Natural cytotoxicity by effectors
derived from 8-week-old Syrian hamsters
was shown against EL4 and TLX9
lymphoma targets, and C57BL mouse
Mc2B sarcoma cells. In addition, SA7/
DBA hamster cells were sensitive to NC
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FIG. 1. Competition of Syrian hamster spleen
natural cytotoxicity using unlabelled EL4
competitor cells. Mean cytotoxicity ± s.e.

TABLE I.-NC cell reactivity in Syrian hamster

Exp. Targets
1 EL4 lymphoma

2 EL4 lymphoma

3 TLX9 lymphoma

4 TLX9 lymphoma

5 Mc2B sarcoma

6 Mc2B sarcoma

7 SA7/DBA sarcoma

Effectors
from

Spleen
Pooled LN
Thymus
Spleen
Pooled LN
Thymus
Spleen
Pooled LN
Thymus
Spleen
Pooled LN
Thymus
Spleen
Pooled LN
Thymus
Spleen
Pooled LN
Thymus
Spleen
Pooled LN
Thymus

% 5ICr releaset

Effector :target cell ratio
100:1 50:1 10:1 1:1
70**
6*
2

65**
5

-3
65**
8*
0

68**
6

-1
-1

-4
26**
-5
-5
21*
3
6

82**
2
0

62***
1

-3
71**
3
0

68**
4

-1
18**
-1
-4
23**
-7
-5
21*
0
1

85**
0
0

68**
-1
-2
75
-3
-3
66***
1

-1

-4
-6

1
-7
-5
23*
1
3

0
0
0

N.T.
N.T.
N.T.
-2
-3
-3
N.T.
N.T.
N.T.
N.T.
N.T.
N.T.
N.T.
N.T.
N.T.
N.T.
N.T.
N.T.

t After subtraction of background (spontaneous release).
*P<0 05; **P<0.01; ***P<0001.
N.T. = Not tested.

486



NATURAL CYTOTOXICITY IN SYRIAN HAMSTERS

TABLE II. Characterization of Syrian
hamster NC cells

80

60.

40.

20 J \

2:11 8 / 1'6, j2 52

AGE OF HAMSTER IN WEEKS

FIG. 2.-Age distribution of Syrian hamster
spleen NC cell reactivity. Mean cyto-
toxicity ± s.e.

cells. Pooled lymph-node cells (LNC: from
the inguinal, axillary, cervical and mesen-
teric lymph nodes) proved less reactive
towards these cell targets than spleen
cells, whilst thymocytes were completely
inert. Further tests have shown that
lymph-node NC reactivity towards EL4
lymphoma targets was confined to the
axillary and inguinal lymph nodes. Com-
petition of NC cell cytotoxicity could be
shown (Fig. 1) using unlabelled EL4
lymphoma cells as competitors in ratios
of 1: 1, 1:5 and 1: 10 (labelled EL4:un-
labelled EL4 cells respectively), but unlike
the previously reported NK cell reactivity
in the mouse (see review by Herberman &
Holden, 1978) hamster spleen NC cell
reactivity was not age restricted (Fig. 2).
Cytotoxicity could be shown in the
spleens of hamsters aged 1 to 52 weeks,
though spleen cells from 8-week-old ham-
sters were consistently more reactive
than spleen cells from other age groups.
Initial characterization of hamster NC
cell reactivity indicated the effectors to be
adherent and to possess properties similar
to macrophages. More specifically, cyto-
toxicity was removed by passage through
nylon-wool columns, and effector cells
could not be recovered from the nylon
wool on gentle teasing (retained fraction);
they were also adherent to glass and re-
moved from spleen-cell preparations by
carbonyl iron treatment (Table II). Col-

Separation
procedure

Nylon-wool
column
fractionation

Glass adherence

Carbonyl iron

% 51Cr releaset

Exp. 1 Exp. 2
Spleen cell EL4 TLX9
fraction targets targets

Unfractionated 54*** 48***
Eluted 1 1

Retained 1 0
Untreated 54*** 48***
Treated 0 0

Untreated 11*** 10***
Treated - 1 -2

t After background subtraction. Spleen cell: target
cell ratio in all experiments was 50:1. ***P<0 001.

lectively, these results suggest that the
NC cell reactivity demonstrated here is
not due to NK cells, which have been
shown to be non-adherent, and to be dis-
tinct from mature T or B lymphocytes
(Kiessling et al., 1975a; Herberman &
Holden, 1978). Our findings have been
reproducible in the tumour systems used
here.
Datta et al. (1979), using an 18h 51Cr-

release test, have recently reported natur-
ally occurring cytotoxic cells in hamsters.
These authors found that carrageenan, an
anti-macrophage agent, abrogated NC
reactivity. Other investigators have also
shown NC by macrophages (Keller, 1978;
Meltzer, 1976; Chow et al., 1979; Tagliabue
et al., 1979) using long-term in vitro assays.
It remains to be established whether the
effector mechanisms operative in short-
(4 h) and long-term assays are the same.
Regent studies with chemically induced
mouse sarcomas, in which natural cyto-
toxicity was shown to be distinct from
NK reactivity (Stutman et al., 1978;
Paige et al., 1978) substantiate the idea
that more than one, and possibly several,
natural cytotoxic mechanisms exist. Fur-
ther comparative studies are required to
characterize more precisely the different
mechanisms of natural cytotoxicity.
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