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Abstract-Lymphoid cells from normal untreated A.SW mice showed a cell-mediated 
cytotoxicity (CMC) towards Rous sarcoma virus-induced tumor lines in a 4%hr 
microcytotoxicity assay in vitro, using ‘[HI-thymidine #relabeled tumor cells. The tissue 
distribution of this natural CMC shows high levels of activity in the peritoneal cavity, 
intermediate levels in bone marrow and spleen, and low levels in lymph node, peripheral 
blood and thymus. Natural CMC of unstimulated resident peritoneal cells against tumor 
cells was also found in several strains of mice. This was not dependent on the donor’s 
age, since similar levels appeared in mice aged 140 weeks. Passage through nylon wool 
columns or adherence to the plastic surface of resident peritoneal cells removed cytotoxic 
activity. By contrast, adherent cells displayed significant CMC levels. Treatment with 
carbonyl iron powder and magnet decreased peritoneal cell cytotoxicity when performed 
once and abolished it when repeated. All these results suggest that in mice, natural 
cytotoxicity against Rous sarcoma virus-induced tumors is primarily mediated by 
macrophages or macrophage-like cells. 

INTRODUCTION 

NATURAL cell-mediated immunity embraces a 
wide group of cytotoxic mechanisms that are 
virtually active before the arrival of target cells, 
or are quickly activated by them. These cyto- 
toxic mechanisms often appear to have an im- 
portant role in immunosurveillance and resis- 
tance to foreign cells, tumors or micro- 
organisms (for a review see [l]). They differ 
from T cell-mediated cytotoxicity in that they 
are fully present in unimmunized individuals, 
are not thymus dependent and are less restric- 
ted with regard to their specificity [2]. The cells 
responsible are heterogeneous not only among 
various species but also with respect to various 
targets [3]. In the mouse, a particular class of 
lymphocytes (NK and NC cells) exhibit spon- 
taneous cytotoxicity to several lymphoma or 
solid tumors in short-term assays [2,4]. Spon- 
taneous cytotoxicity can also be mediated by a 
subpopulation of adhering non-phagocytic 
peritoneal B lymphocytes [5]. Lastly, cells 
belonging to the monocyte-macrophage 
lineage, (henceforth referred as Md), harvested 
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without deliberate stimulation, express a 
powerful cytolytic and cytostatic activity against 
a variety of tumor and parasitic cells [6-81. 

The present studies were undertaken to test 
the occurrence and characteristics of the cells 
involved in natural cell-mediated cytotoxicity 
(CMC) towards tumors induced by Rous sar- 
coma virus (RSV) in mice. This tumoral system 
is of particular interest since the RSV genome 
consists of only a few genes, of which the src 
gene is solely involved in the induction and 
maintenance of neoplastic transformation. The 
molecular biology of cell membrane antigens 
appearing after RSV transformation and their 
relationship with neoplastic cell behavior are 
under intensive investigation [9]. 

In the mouse, susceptibility to RSV tumori- 
genesis is influenced by a dominant gene, or 
genes, associated with the major histocom- 
patibility complex (H-2) [lo], and is inversely 
correlated with the ability to mount a tumor- 
neutralizing immune response [ 111. Incidence 
and latency of primary RSV-induced tumors 
are also influenced by immunological manipu- 
lation. 

This paper describes the tissue, strain, age 
distribution and some characteristics of the 
cells responsible for CMC towards RSV-in- 
duced tumor lines in syngeneic mice. 
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MATERIALS AND METHODS 
Mice 

BALB/c, C57BL/6 and C3H mice were pur- 
chased from Charles River Laboratories (Calco, 
Italy). BlO.PL, BlO.RIII and BlO.BR mice were 
a generous gift from Dr. G. Parmiani, 1st. Naz. 
Tumori, Milano, Italy; C3H/HeJ mice were a 
generous gift from Dr. L. Ruco, 1st. Anat. 
Patologica, Rome, Italy. All other strains of 
mice were bred in our animal facilities from 
breeders obtained as follows: BlO.S( 12R), 
BlO.HTT and A.TFRl from Dr. C. David, Mayo 
Clinic, Rochester, MN; A.WySn and A.BY 
from Dr. G. Haughton, University of North 
Carolina, Chapel Hill, NC; A.TH, A.TL and 
A.SW from Dr. D. C. Shreffler, Washington 
University, St. Louis, MO; CBA/J and CBA/N 
from Dr. I. Scher, Naval Medical Research 
Institute, Bethesda. MD. Male and female 6- 
7-week-old mice were employed, except where 
otherwise specified. 

Tumors 
Two sarcomas (RS-33 and RS-46) were in- 

duced by injecting the Schmidt-Ruppin strain 
of RSV in newborn (less than 3 days old) A.SW 
mice, as previously described in detail [lo]. 
From the third in vivo passage of the tumor 
were established in vitro lines by treatment with 
trypsin and DNase, as previously described in 
detail [12]. Early in vitro passages were cloned 
and the cells were subsequently maintained in 
RPM1 1640 medium (GIBCO, Grand Island, 
NY) supplemented with 10% fetal bovine 
serum (FBS) (GIBCO), 2 mM glutamine, 
50 pg/ml gentamycin, 100 pg/ml streptomycin, 
100 U/ml penicillin and 20 U/ml mycostatin. 
When injected subcutaneously in syngeneic 
A.SW mice, the cells give rise to tumors 
resembling the original tumor in growth pat- 
tern and histological characteristics. Normal 
BALB/c 3T3 fibroblasts (B/C-3T3), and B/C- 
ST3 transformed by the B77 substrain of RSV by 
Dr. Bishop et al. [13], were kindly provided by 
Dr. M. Prat, Dept. of Histology, Univ. of 
Trieste, Italy. The Moloney virus-induced 
leukemia of A.SW mice (YWA) was kindly 
provided by Dr. G. Klein, Karolinska Institute, 
Stockholm, Sweden. The Moloney virus-in- 
duced lymphoma of A/WySn mice (YAC-1) was 
kindly provided by Dr. A. Santoni, Univ. 
Perugia, Italy. All these cells were also cultured 
in RPM1 1640 supplemented as described 
above. 

Labeling of target cells. The in vitro lines were 
labeled with Na chromate [51Cr] or [‘HI-thy- 
midine ([‘HI-TdR). For [51Cr] labeling, the 
monolayers were incubated with 5 ml of tryp- 

sin-EDTA for 5 min at 37°C. After two wash- 
ings, 5 X lo6 cells were incubated with 200 j&i 
of [51Cr] (specific activity 3OOmCi/mg, Sorin, 
Saluggia, Italy) for 40 min at 37”C, then washed 
and adjusted to a concentration of 1 x l@/ml. 
Cells were labeled with [3H]-TdR by incubating 
non-confluent monolayers in 75 cm* tissue cul- 
ture flasks (Falcon, Oxnard, CA) for 24 hr with 
20 ml of medium containing 0.5 pCi/ml of [‘HI- 
TdR (26Ci/mM, Sorin). Target cells were then 
harvested by exposure to 5 ml of trypsin- 
EDTA for 5 min at 37X, washed twice and 
resuspended to a concentration of 1 x lo5 
cells/ml in the test medium. 

Eflector cells. Spleens, lymph nodes (mesenteric 
and cervical) and thymuses were removed 
aseptically and teased apart into cold buffered 
salt solution (BSS) supplemented with 5% FBS. 
Bone marrow cells were obtained from long 
bones by flushing the cavity with cold BSS. 
Mononuclear peripheral blood leukocytes were 
isolated by centrifugation over a cushion of 
Ficoll-Hypaque (Nyegaard and Co., Oslo, 
Norway), as described by Bijyum [14]. Peri- 
toneal cells (PC) were obtained from normal 
untreated mice. In all the strains studied, the 
mean recovery ranged between 2-3 x lo6 
cells/mouse. Differential cell counts made on 
Diff Quick (Hartleco, Gibbstown, NY)-stained 
cell smears showed that this cell population 
consists of approximately 55-65% Mb, 5-10% 
neutrophils and 15-20% lymphocytes. 
Moreover, 7&75% of the cells ingested latex 
beads (Dow Chemical Co., Midland, MI) after 
overnight incubation at 37°C with constant 
rotation. No variations exceeding ?5% of these 
values were observed in any strains. 

The cell suspensions were filtered through 
sterile gauze and, unless otherwise specified, 
treated with Tris-buffered ammonium chloride 
to lyse red blood cells, filtered again, washed 
twice and resuspended in test medium at suit- 
able concentrations. 

Adherence to plastic surfaces. Five milliliters of 
peritoneal cell suspensions (5 X lo6 cells/ml) 
were plated on 100 mm plastic Petri dishes (No. 
3003; Falcon, Oxnard, CA). After incubation in 
RPM1 1640 plus 10% FBS for 3 hr at 37°C the 
nonadherent cells were collected by four 
vigorous washes with BSS and adherent cells 
were dislodged with a rubber policeman in the 
presence of chilled BSS with 10% FBS. The 
viability of the adherent cell population 
obtained was evaluated as about 50-60% by the 
trypan blue exclusion test. This population was 
enriched to about 80% of latex-ingesting cells. 
By contrast, the nonadherent population con- 
tained less than 5% latex-ingesting cells. 
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Nylon wool columns. Peritoneal cell popu- 
lations were fractionated on nylon wool 
columns, as described by Julius et al. [15]. The 
column-emerging cells consist of 90% Thy 1.2- 
positive cells, as determined by cytotoxicity with 
anti-Thy 1.2 serum and rabbit complement 
(generously donated by Dr. H. T. Holden, 
NCI, Bethesda, MD). Adherent cells were 
recovered by transferring the nylon wool to a 
Petri dish containing chilled BSS and teasing 
them apart with sterile forceps. 

Carbonyl iron powder and magnet. Removal of 
phagocytic cells from peritoneal cell population 
by carbonyl iron powder and magnet was per- 
formed as previously described [16]. After one 

10% sodium dodecyl sulfate (SDS) in water. It 
was about 85 f 5% of the total radioactivity in- 
corporated, as evaluated by solubilizing the 
same number of labeled tumor cells with NCS 
(Hopkin and Williams, Chadwell Heath, U.K.) 
directly in the scintillation vials. The plates 
were incubated at 37°C in 5% COP atmosphere 
and after 48 hr were centrifuged at 400 g for 
10 min. The supernatant (0.1 ml) was transfer- 
red to scintillation vials. A volume of 2 ml of 
Picofluor 15 (Packard) was added and the 
radioactivity determined in a Packard Mark II 
liquid scintillation spectrometer. Percentage of 
cytotoxicity in both [5’Cr] and [SH]-TdR release 
assays was calculated as follows: 

% cytotoxicity = cpm of experimental release - cpm of spontaneous release 
cpm of maximum release - cpm of spontaneous release 

x 100. 

treatment, latex-ingesting cells decreased to 
about 15-200/o. In some experiments, the peri- 
toneal cells were treated twice consecutively 
with carbonyl iron powder and magnet. In this 
case, latex-ingesting cells decreased to less than 
5%. 

Cytotoxicity assays. Cytotoxic activity of various 
lymphoid cell suspensions was tested in 4- and 
18-hr assays by using [“Cr]-labeled target cells, 
and in 48-hr assays by using [‘HI-TdR-labeled 
cells. The [51Cr] release assay was performed in 
round-bottomed microtiter plates (Sterilin, 
Teddington, Middx., U.K.) by adding progres- 
sive numbers of effector cells to various target 
cells (104/well) in a final volume of 0.2 ml of 
RPM1 1640 medium, supplemented as above. 
The plates were spun down at 200 g for 1 min, 
incubated in 5% CO* atmosphere at 37°C for 4 
or 18 hr and then spun down at 400g for 
10 min. The radioactivity of 0.1 ml of super- 
natant was determined in a gamma counter 
(Packard, Downer’s Grove, IL). Spontaneous 
release was determined by incubating target 
cells in the medium only. Maximum release was 
determined by exposure of targets to 0.25% 
Triton X-100. [‘HI-TdR release was tested in 
flat-bottomed microtiter plates (No. 3040, Fal- 
con, Oxnard, CA) by using RPM1 1640 medium 
enriched as above and additionally sup- 
plemented with 5 X 10e5 M 2-mercaptoethanol 
unless otherwise specified. As previously des- 
cribed in detail [8], 0.1 ml of a suspension of 
labeled target cells (2 X 105/ml) was placed in 
each well, followed by 0.1 ml of a suspension 
containing progressive numbers of effector 
cells. Spontaneous release was determined by 
adding 0.1 ml of medium alone. Maximum 
release was determined by adding 0.1 ml of 

The values of maximum release ranged from 
9300 to 25,OOOcpm. Spontaneous release lay 
within 12-17% of the maximum release. 
Experiments resulting in values outside these 
limits were discarded. The results are expres- 
sed as the arithmetic mean of triplicate cultures 
per experimental group + S.D. The intraex- 
perimental variation never exceeded 8%. 
Except when otherwise specified (Table 4), 
each experiment was performed at least 5 
times. One or two representative results are 
reported in the tables. 

RESULTS 
Short-term cytotoxicity 

Initially, we performed experiments to 
determine whether normal spleen cells from 
low NK-reactive A.SW and high NK-reactive 
CBA/J mice [17] exhibit natural CMC in 4 or 
18 hr cytotoxicity assays. By 4 hr, the release of 
[51Cr] from prelabeled RSV-induced tumor 
cells in the presence of both kinds of spleen 

Table 1. Failure to detect NK-like activity to RSV- 
induced tumors in 4-hr cytotoxicity test 

Spleen cells Tumor Percentage of cytolysis 
from: target* (E : T ratios) 

150: 1 75 : 1 37.5 : 1 

ASW RS.33 0.8 -3.4 -2.1 
CBA/J RS.33 2.1 -1.4 0.8 

ASW RS.46 -1.6 0.3 0.5 
CBA/J RS.46 1.0 -1.1 0.2 

A.SW YAC-1 5.0 3.1 2.4 
CBA/J YAC-1 43.3 34.0 22.0 

*Cells labeled with [%r]. 
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Table 2. Natural cell-mediated cytotoxicity of cells from various tissues of 
normal AS W mice against RS-33 tumor cells 

Source of 
effector cells 

No. of 
experiments 

Thymus 
Peripheral blood 
Lymph nodes 
Spleen 
gone marrow 
Peritoneum 

Percentage of cytotoxicity’ 
50: 1t 25 : 1 12: 1 

0.5 + 0.2 0.1 kO.2 O.lkO.2 
3.3 * 1.2 2.6+ 1.2 2.4~ 1.2 
4.8 t 2.0 4.2 + 1.2 2.4 f 0.2 

17.0 k 6.4 14.2 f 4.8 11.6k5.0 
18.6 + 4.4 16.4 f 6.0 15.1 k4.1 
21.42 7.0 28.8 + 2.8 22.5k3.1 

*Mean percentage cytotoxicity of various experiments (each performed in 
triplicate) *SE. against tumor cells labeled with [sH]-TdR. 

tE : T ratios. 

cells was not significantly higher than from the 
same targets incubated in medium only (Table 
1). Similar results were obtained after 18 hr 
(data not shown). By contrast, incubation of 
YAC-1 lymphoma target cells with CBA/J 
spleen cells resulted in a marked cytolysis at all 
effector : target (E : T) ratios tested. Lower 
cytotoxicity was found in the presence of A.SW 
spleen cells. 

Tissue distribution of long-term cytotoxicity 
Since no NK-line cytotoxicity to RSV-in- 

duced tumor cells was found in short-term 
tests, we evaluated the presence of natural 
CMC in 48 hr assays. Table 2 shows that lym- 
phoid cells from normal ASW mice are cyto- 
toxic against [‘HI-TdR-labeled RS-33 tumor 
cells at E : T ratios of 50 : 1, 25 : 1, 12 : 1. The 
tissue distribution of this natural cytotoxicity 
shows that peritoneal cells, harvested without 
any deliberate stimulation or activation, were 
the most cytotoxic, followed by bone marrow 
and spleen cells. Lymph node and peripheral 
blood leukocytes have very little, if any, 
detectable cytotoxicity. This rank order was the 
same at all three E : T ratios tested and was 
consistently observed every time the experi- 
ment was repeated. 

Kinetics and injIuence of environmental conditions 
Since peritoneal cells display the highest 

levels of natural cytotoxicity, we decided to 
study their activity in detail. Its kinetics showed 
that cytolysis was low after the first 24 hr, in- 
creased by 48 hr and remained at the same 
levels after 72 hr (Fig. 1). This pattern of lysis 
runs counter to the view that tumor cell des- 
truction depends on drastic depletion of nutri- 
tive constituents. Moreover, similar levels of 
cytotoxicity at 48 and 72 hr were observed when 
0.1 ml of medium was carefully removed from 

each well and replaced with fresh medium 
after 24 and 48 hr of culture (data not shown). 
To rule out the possibility that the presence of 
endotoxin in FBS or FBS by itself [18,19] could 
play a significant role in triggering the obser- 
ved cytotoxicity, we performed parallel tests 
with a medium containing LPS-free FBS, as 
assessed by the Lymulus amebocyte lysate assay 
(kindly donated by Dr. A. Mantovani, 1st. M. 
Negri, Milan, Italy), with a medium containing 
the batch of FBS used in the previous tests and 
a medium containing 1% fresh A.SW serum 
only. In addition, before use in this assay, the 
target cells were washed several times to 
remove most of the FBS components. Com- 
parable levels of cytolysis can be seen in the two 
representative experiments in Table 3. 

Strain distribution 
It has been reported that natural resistance 

to tumors varies widely under the influence of 
genes mapping both inside and outside the 

Hours in culture 

Fig. 1. Kinetics of the cytolytic activity of fieritoneal cells against 
RS-33 target fibroblasts. A r+$restntativc Cxpcriment is re~rted. 
Mean cpm of [‘HI-TdR release by tr@icak cultures at E : T 
ratios of 12 : 1 (O- 0) and 6 : 1 (O-O). (W-W) shows the 
release of the label in the absence of effector cells. Vertical bars: 

f S. D. The mnximum release was 2 1,446 cpm. 
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Table 3. Natural cell-mediated cytotoxicity of peritoneal cells against 
RS-33 tumor cells in medium su~lerwnted with different sera 

Source of serum 
Percentage of cytotoxicity’ 

E : T Ratios Experiment 1 Experiment 2 

10% FBS 25 : 1 20.2 f 1.3 25.4 f 1.5 
12: 1 18.8 + 1.2 23.8 f 1.6 

10% LPS free FBS 25:l 26.0 + 2.0 30.0 r 2.1 
12: 1 21.4+ 1.4 24.6? 1.6 

1% Fresh mouse serum 25 : 1 26.6 * 1.7 26.0 * 1.4 
12: 1 20.5 f 1.2 24.0? 1.5 

*Mean percent cytotoxicity (three replicates per experiment) +S.D. 

Table 4. Natural cell-mediated cytotoxicity of peritoneal cells from various mouse sfrains 
against RS-33 tumor cells 

H-2 Background No. of Percentage of cytotoxicity* 
Strain haplotype genes experiments 25 : lt 12: 1 6:l 

A.SW S A 10 21.4k7.0 28.8 f 2.8 22.5 * 3.1 
A.TL tl A 4 1.3.3?6.4 20.8” 6.2 18.8 f 7.2 
A.TH t2 A 4 21.8+ 7.1 18.6 f 10.0 8.826.0 
A.WySn 

: 
A 3 19.4k8.0 26.2 & 7.0 9.6 2 2.7 

A.By A 3 21.326.2 30.2 f 5.0 16.2 * 4.3 
A.TFRl an A 3 20.1+ 8.0 27.2 + 5.6 13.3 f 4.1 
BlO.BR k BlO 4 26.6 + 6.5 32.8 2 9.0 25.6 & 8.5 
B lO.BR S BlO 3 15.6 2 5.0 27.8 * 6.2 13.924.1 
BlO.RIII r BlO 3 18.4* 5.0 25.6 2 7.4 lO.O-e6.1 
BlO.PL U BlO 3 27.0 f 7.9 20.0 2 2.9 12.6 f 3.8 
B lO.HTT t3 BlO 3 22.6 f 9.9 26.7 + 7.8 21.4?8.0 
C57BL/6 b B6 3 16.2 f 3.5 20.5 * 2.0 lo.1 f 3.2 
CSH/CR k CSH 3 25.2 f 8.8 28.0? 7.0 20.0 f 6.1 
CSH/HeJ k C3H 2 22.5 2 6.4 25.2k6.2 14.2k5.1 
CBA/N k CBA 2 26.127.1 25.3 f 3.8 19.2k4.5 
CBA/J k CBA 2 27.5 ? 5.0 20.12 4.5 14.0 f 3.6 
BALB/c d BALB 16 18.4 + 6.2 27.9 z 3.0 20.0 + 4.5 

??tAs for Table 2. 

H-2 complex [19,20]. It was therefore of 
interest to compare the levels of CMC to RSV- 
induced tumors of ASW mice with that of mice 
differing at H-2 and background genes. As 
shown in Table 4, quite surprisingly, no 
significant variations were found. In addition, 
no differences were observed between CSH/CR 
and CSH/HeJ mice, even though CSH/HeJ bear 
a gene-coded defect in LPS- and lymphokine- 
dependent activation of macrophage cytotoxi- 
city [21]. Comparable natural cytotoxicity levels 
were also observed in CBA/J and CBA/N mice. 
CBA/N mice are a mutant line of CBA strain 
bearing an X-linked immune defect (xid) that 
results in the arrest of B lymphocyte function 
and maturation [22]. A similar pattern of cyto- 
toxicity was observed against RS-46 tumor cells 
(data not shown). 

Effect of donor age 
Donor age has great influence on the cyto- 

toxicity levels in some CMC systems [23,24], 
though not in all [4,25]. In our system, in fact, 
comparable levels of cytotoxicity were dis- 
played by peritoneal cells from l- to 40-week- 
old A.SW donors (Table 5). 

Role of adherent and phagocytic cells 
In order to characterize the effector cells 

responsible for the natural CMC to RSV tumor 
cells, we tested the effect of fractionating ad- 
herent and nonadherent peritoneal leukocytes. 
Table 6 shows that passage through nylon wool 
columns or adherence to plastic surfaces almost 
completely removed cytotoxic activity. In both 
cases, it could be recovered in the adherent 
fraction. The non-complete recovery may, in 
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fact, be due solely to the damage caused by the 
mechanical manipulations used in cell separa- 
tion [8]. A single treatment of peritoneal cells 
with carbonyl iron and magnet removes 
phagocytic cells and significantly reduces 
natural cytotoxicity, while it is completely ab- 
rogated by a double treatment. It should be 
pointed out that lymphocytes recovered after 

Table 5. E#ect of donor age on natural cell-mediated 
cytotoxicity of normal A.SW peritoneal cells against RS-33 

tumour cells 

Donor age No. of E : T Percentage of cytotoxicityt 
(weeks) mice’ Ratios Experiment 1 Experiment 2 

1 10 25 : 1 17.8 * 0.5 16.4 * 0.3 
12: 1 25.2 2 0.8 21.0+0.2 

4 12 25 : 1 12.7? 0.4 19.0 t 0.5 
12: 1 28.1 f 1.2 23.5 f. 0.9 

6-7 15 25 : 1 12.6 + 0.6 14.3 f 0.4 
12: 1 26.4? 1.3 22.2 + 0.3 

18 12 25 : 1 14.2 + 0.7 18.5 -c 0.2 
12: 1 27.6 2 0.9 23.1% 0.4 

40-42 8 25 : 1 26.9 + 1.0 20.2 + 0.8 
12: 1 23.2 f 0.9 24.0 + 0.3 

*Number of mice used as source of peritoneal cells in each 
experiment. 

tAs for Table 3. 

these two treatments still had high viability, as 
shown by the trypan blue exclusion test (90% 
dye-excluding cells), and were able to give a 
high blastic response to both phytohemag- 
glutinin and lipopolysaccaride from Escherichia 
coli (data not shown). 

The effector cells involved are thus both ad- 
herent and phagocytic, which suggests that 
they belong to the monocyte-macrophage 
lineage. 

Selectivity of peritoneal cytotoxicity 
The selectivity of peritoneal cell CMC was 

determined from their ability to lyse various 
transformed and normal cells. The two 
representative experiments reported in Table 7 
demonstrate that comparable levels of cytolysis 
were observed against two A.SW and one 
BALB/c RSV-transformed fibroblasts, as well as 
towards A.SW leukemic cells transformed by 
Moloney sarcoma virus. No significant cyto- 
toxicity was observed against normal BALB/c 
fibroblasts. 

DISCUSSION 
This study has shown that a marked natural 

CMC takes place in vitro against RSV-induced 
sarcomas. RSV-transformed fibroblasts are 
apparently unaffected by NK-like short-term 
cytotoxicity, but are killed in significant quan- 

Table 6. Natural cytotoxicity of peritoneal cells from normal A.SW 
mice after separation of adherent and phagocytic cells 

Cell fractionation 

None 

Cells eluting from nylon 
wool columns 

Cells nonadhering to plastic 
surfaces 

Cells adhering to plastic 
surfaces 

Cells remaining after a single 
treatment with carbonyl iron 
and magnet 

Cells remaining after two 
consecutive treatments with 
carbonyl iron and magnet 

Percentage of cytotoxicity* 
25 : 1 12: 1 

20.6 (lOO.O)t 19.0 (100.0) 

3.0 ( 14.5) 1.5 ( 7.9) 

4.1 ( 19.9) 4.7 ( 24.7) 

23.0 (111.6) 24.7 (130.0) 

9.5 ( 46.1) 7.9 ( 41.6) 

0.2 ( 0.9) 0.2 ( 1.0) 

‘As for Table 2. 
tValues in parentheses are the percentage of residual cytotoxicity com- 

pared with untreated peritoneal cells at the corresponding E : T ratios. 
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Table 7. Cytotoxicity of peritoneal cells from normal 4SW mice against 
virus-transformed and normal target cells 
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Experiment E : T Percentage of cytotoxicity against:* 
Ratios RS-33t RS-46t 3T3-B77t B/C-3T3 YWAf 

25 1 27.3 28.6 26.0 -2.0 29.1 
1 12 1 31.0 30.4 20.3 0.1 32.2 

6 1 25.0 22.6 18.3 -6.4 21.1 

25 1 21.7 17.5 27.3 1.2 35.2 
2 12 1 24.5 25.2 30.2 2.0 42.1 

6 1 17.4 20.5 16.4 1.1 26.3 

*Mean percentage cytotoxicity of triplicate determinations. The standard 
deviation in these experiments never exceeded 5% and therefore is not 
reported. 

tRSV-induced fibrosarcomas. 
fhloloney-induced leukemic cells. 

tities after 48-hr culture in the presence of 
leukocytes from unstimulated normal mice. 

The tissue distribution of this reactivity 
shows that unstimulated peritoneal cells are the 
most cytotoxic. Bone marrow and spleen cells 
display an intermediate activity, whereas that of 
peripheral blood and lymph node cells is much 
lower. No cytotoxic activity is displayed by 
thymus cells. This pattern is quite similar to 
that of the M$-dependent cytotoxicity observed 
in several mouse and rat systems [6-81. The 
adherent characteristics of the effector cells in 
the peritoneal cell population and the virtual 
abolition of cytotoxicity by magnetic removal of 
phagocytic cells after a double treatment with 
carbonyl iron and magnet clearly indicate that 
the natural CMC observed in the peritoneal cell 
population is attributable to cells belonging 
to monocyte-macrophage lineage. This iden- 
tification is further supported by the 
kinetics of the cytocidal activity, which resem- 
ble that of Mgl [6, 19,251. 

The natural CMC against RSV-induced 
tumors is neither significantly affected by 
donor age, nor under an appreciable genetic 
control of H-2 and background genes. In these 
two parameters, too, it is quite distinct from 
NK-dependent cytotoxicity [4,17,23,24]. In 
effect, typical NK low-responder strains, such 
as A.WySn, A.BY and A.SW, display the same 
levels of cytotoxicity as high-responder strains, 
such as CBA/J, CBA/N, C3H, and C57B1/6 
[14, 191. Also, strains which are highly suscep- 
tible to primary RSV tumor induction after 
neonatal injection (CBA, A.WySn, A.BY) have 
no less natural CMC activity than do highly 
resistant strains (ASW, BlO.S, BALB/c) [26]. 

Contrary to what has been reported by other 
workers [4,25], the natural cytotoxicity obser- 
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ved in our system did not depend upon the 
environmental conditions in which donor mice 
were kept, since comparable levels were noted 
in mice from several laboratories (1st. Naz. 
Tumori, Milan, Italy; 1st. Anat. Patol., Rome, 
Italy; Charles River Laboratories, Calco, Italy, 
as described in Materials and Methods) and 
killed immediately after arrival, and in mice 
bred or maintained in our animal facilities. The 
finding that peritoneal cell cytotoxicity is com- 
parable in C3H/HeJ and C3H/CR mice, as well 
as in other strains, seems to preclude the pos- 
sibility that endotoxin contamination of FBS 
was responsible, since C3H/HeJ cells are not 
activated by bacterial endotoxins [21]. In ad- 
dition, natural CMC is not affected by the use 
of FBS endotoxin free as determined by the 
Lymulus assay, nor is it dependent on the 
presence of FBS in the culture medium, since it 
was also detected when 1% of fresh mouse 
serum only was added to the culture medium. 
Thus, natural CMC is not markedly influenced 
by experimental conditions. It reflects, rather, 
an M$ activity potentially present in uivo in 
conventionally kept mice in absence of overt 
experimental stimulation. However, we can not 
exclude that the targets themselves could play a 
positive role in triggering the M&mediated 
cytotoxicity. If this was the case, we would 
assume that only a restricted number of targets 
could do it. 

There are conflicting reports in the literature 
concerning the ability of M$ to kill selectively 
transformed cells [7, 18,271. In our experi- 
ments, RSV-transformed fibroblasts and 
Moloney leukemia virus-induced lymphoma 
cells, but not contact-inhibited BC-3T3 fibro- 
blasts, trigger or are susceptible to this CMC. 
Some specialized membrane structures [28] or 
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particularly intense mitotic behaviour and 
metabolic activity of the targets (L. Varesio, 
personal communication) could act as trigger- 
ing signals. In this context, it is of particular 
interest to consider the parallelism between our 
present findings and those we have recently 
obtained in a non-tumoral system [8] by using 
the same experimental conditions. We obser- 
ved that the natural CMC displayed by normal 
mice against an extracellular protozoon, Tri- 
chomonas vaginalis, is very similar in tissue dis- 
tribution, age independence and characteristics 
of its effector cells, though not in genetic con- 
trol, to the one displayed against tumor cells. 

In conclusion, our present findings on RSV- 

induced sarcomas, in accord to what has been 
observed in several distinct tumor systems 
[27,29], suggest that natural activity of Mid is 
not confined to bacteria and detritus phagocy- 
tosis but appears to be a true surveillance 
mechanism endowed with broad specificity. 
The particular social position of M$ within the 
immune system allows their weight in vitro to 
be modulated by various lymphocyte signals 
sent quickly after specific and genetic restricted 
antigen recognition [30]. 
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