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Summary.—Many strains of mice from various breeding institutes have natural
cytotoxic macrophages. These macrophages can also be present in nude mice, sug-
gesting that this cytotoxicity can be acquired without involvement of T cells.

The natural cytotoxicity was non-specific for tumour cells, was not sensitive to
trypsin treatment, was lost after 5 days incubation, but could be enhanced by foetal

bovine serum.

The presence of cytotoxic macrophages in the peritoneal cavity was not genetically

or age controlled.

Natural cytotoxic macrophages did not occur in germ-free mice. The possible

causes of natural cytotoxicity are discussed.

MucH wWORK has been published on the
cytotoxic activity of macrophages after
immunization, activation, arming efc.
Usually cytotoxicity of these macro-
phages is measured by comparison with
the cytotoxicity of normal macrophages.
Natural cytotoxicity of normal cells
would interfere with the measurement of
the cytotoxicity acquired by immuniza-
tion, arming or activation procedures
(Evans & Alexander, 1972; Ziegler et al.,
1975; Pels & Den Otter, 1976). In this
paper we describe macrophages from
many mouse colonies that are already
cytotoxic. We present some properties of
these natural cytotoxic macrophages and
compare them with those of natural killer
cells (reviewed by Herberman & Holden,
1978). Finally we discuss factors which
might give rise to the expression of
natural cytotoxicity.

MATERIALS AND METHODS

Animals.—C57BL/10Sn mice from Jackson
Laboratory (Jaxlab) have been used except
where the strain and origin is indicated in the
text. The other strains of mice are shown in
Table I1I. Male and female mice (7-14 weeks
old) were used.

Tumour cells—The following tumour cells
were used: DBA/2 lymphoma SL2, which
arose spontaneously; DBA/2 lymphoma
L5178Y, which was chemically induced;
DBA/2 mastocytoma P815; C57BL lym-
phoma TLX9, which arose as a thymoma
after X-irradiation; BALB/c plasma-cell
tumour MOPCI195. All tumours grew as
ascitic tumours in the peritoneal cavity. The
tumour cells were maintained by weekly i.p.
passage.

Macrophage cultures.—Peritoneal-exudate
cells (PEC) were seeded into culture dishes
(2:5 x 108 macrophages in Nunc dishes with
a diameter of 3-0 cm, or 7-5x 105 macro-
phages in Costar dishes with a diameter of
1-6 cm). After seeding of the PEC, the macro-
phages were allowed to adhere for 30 min
at 37°C. Before incubation overnight the
medium was renewed. The macrophages were
washed before use in experiments. The adher-
ing cells were macrophages as judged by
morphological examination (phase-contrast
microscopy ; May-Griinwald Giemsa staining).
These cells were also acid-phosphatase posi-
tive and non-specific-esterase positive; they
phagocytosed Indian ink, and formed rosettes
with sheep red blood cells coated with immu-
noglobulin or complement. The adhering cells
spread out forming confluent monolayers.
The macrophage monolayers were con-
taminated with less than 2%, lymphocytes
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and 1% mast cells as judged by morpho-
logical criteria.

Cytotoxicity—Cytotoxicity of normal mac-
rophages was measured by comparing the
growth of tumour cells on macrophage mono-
layers to the growth of tumour cells alone.
The macrophage/tumour cell ratio was 10/1.
This ratio appeared to be optimal (ratios
tested 20/1, 10/1, 5/1, and 2-5/1). Cyto-
toxicity wasexpressed as CI=(N —T/N) x 100,
where CI is the Cytotoxicity Index, N the
number of tumour cells in the controls and T
the number of tumour cells in the test system.
The cells were counted in a haemacytometer
with the phase-contrast microscope.

Experiments with extreme numbers of ceil
divisions in the controls (<1 or >2-5in 24 h)
were discarded, as the CI of macrophages and
the number of divisions of tumour cells in
the absence of macrophages are related (see
formula of CI). All experiments, with the
exception of some presented in Table III,
were performed at least 3 times in triplicate.
Mean values + s.d. are given.

FBS.—I. (a) Foetal Bovine Serum (FBS)
was purchased from Flow, and decomple-
mented by heating at 56°C for 30 min.
(b) Adsorption of serum: Macrophage mono-
layers (2x107 cells/dish) of C57BL/10Sn
mice were prepared in glass 10 cm Petri
dishes. Ten cultures were incubated overnight.
The monolayers were washed and used for
adsorption. Five ml of decomplemented FBS
was adsorbed on a macrophage monolayer
at 4°C for 1 h. The adsorption was repeated
once on a fresh macrophage monolayer.
The serum was centrifuged at 4,000 rev/min
for 20 min, filtrated on a millipore filter
(pore size 045 pm) and stored at —20°C.
(¢) Fractionation of serum: Saturated
(NH4)2SO4 (26 ml) was added to 40 ml
decomplemented FBS. The mixture was
centrifuged. The pellet was dissolved in
phosphate-buffered saline (PBS); this is the
globulin fraction. The supernatant mainly
contained the albumin fraction.

Both fractions were dialysed extensively
against aqua dest. and PBS, reduced to 40 ml
by ultrafiltration over a Diaflo PM10 mem-
brane, and filtered over a millipore membrane
(pore size 0-45 um). The fractions were stored
at —20°C.

II. Rehatuin F'S was purchased from Reheis
Chemical Company. The aseptic process by
which Reheis collects serum prevents bac-
terial contamination. The serum was de-

857

complemented by heating at 56°C for 30 min
and stored at —20°C.

RESULTS

The Figure shows the growth of SL2
tumour cells alone, and the growth of the
tumour cells on C57BL/10Sn (TNO-
Zeist) macrophage monolayers during 24 h.

The Cytotoxicity Index of these macro-
phages increased gradually to 42+9 in
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Fie.—Kinetics of the natural cytotoxicity of
macrophages. The number of SL2 tumour
cells was counted in cultures of SL2 cells
alone (0-5 ml of 1-5x 105 cells/ml; 0—0)
and in cultures of SL2 cells on macrophage
monolayers (7-5x 105 C57BL/10Sn macro-
phages and 7-5x 104 SL2 cells in 0-5 ml
growth medium; @——@). Mean+s.d.

24 h. The C57BL (Jaxlab) macrophages
were also cytotoxic to various tumour cell
lines provided they divide in vitro (Table I).
Table I and the Figure suggest that the
cytotoxic action of the macrophages is
growth-inhibitory.

The CI of natural cytotoxic macro-
phages was significantly higher (P < 0-05,
Wilcoxon’s test) if the monolayer was pre-
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TaBLE I.—Nonspecific cytotoxicity

of normal macrophages
No. cell CI at 24 h*
divisions of (mean +s.d.)
tumour Macrophages
Tumour cells alone —
cell in C57BL; C57BL’
lines 24h 10Sn 6Jm(J67)
SL2 1-1-5 47+4 34+5
L35178Y 1-1-5 N.T. 40+13
P815 1-1-5 47+7 64+ 7
TLX9 1-1-5 38+11 N.T.
MOPC195 0 7+4 N.T.

*Cytotoxicity Index of 2-5x106 peritoneal

macrophages versus 2-5 x 163 tumour cells in 2-5 ml
growth medium. Control: tumour cells only.
N.T.: not tested.

incubated overnight with 10°, FBS (CI
of (57BL/10Sn—Jaxlab and of C57BL/
10Sn-TNO-Zeist were 68 + 6 and 70+ 11
respectively) compared to the CI of
macrophages preincubated without FBS
(CI: 499+5 and 42+9). Comparable Cls
could be found with the following forms
of FBS:

1. Lot numbers 426115, 442115 and
454135 of FBS from Flow instead of
the usual batch 403085.

2. FBS adsorbed with macrophages.

3. The albumin and the globulin frac-
tion obtained by ammonium-sul-
phate precipitation.

4. Rehatuin FS.

Table II shows that the cyvtotoxicity of
the macrophages decreased gradually dur-
ing 5-day incubation. The macrophages
were still viable after 5 days as judged by

TaBLE II.—Loss of cytotoxicity during
preincubation of peritoneal C57BL[10Sn
macrophages

Days of CItat24h
preincubation* (mean +s.d.)
1 54+8
2 40+ 10
3 23+15
4 18+12
5 —3+26

* In Fischer’s medium, renewed daily.
+ CI versus SL2 cells; control: SL2 cells alone.
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the trypan-blue exclusion test and the
uptake of Indian ink.

The cvtotoxicity could not be influenced
by incubation with 0-19, trypsin for 0—4 h.

Various strains of mice were tested from
various institutes. The CI of the macro-
phages varied from —3 to 73 (Table III).
The lowest CIs were scored by macro-
phages from (a) germ-free mice or from
(b) mice with only a colony resistance
factor (CRF) flora (Van der Waay et al.,
1971; Wensinck & Ruseler-Van Embden,
1971: Koopman & Janssen, 1974). These
mice have not had contact with (a) any
kind of bacteria or viruses or (b) any kind
of bacteria or viruses except CRF bac-
teria. The CI of C57BL/10Sn mice of
TNO-Zeist was 42 + 9 under conventional
conditions and 9 + 2 in germ-free animals.
This shows that the natural cytotoxicity
of macrophages from mice kept under con-
ventional conditions is absent in the off-
spring derived by hysterectomy and
reared in a sterile isolator.

The (57BL/10Sn mice from Bombholt-
gard did not have natural cytotoxic
macrophages before or after re-establish-
ment of the colony through hysterectomy.
However, before hysterectomy this colony
was infected with the intestinal flagellate
Hezxamita muris (personal communication
from Dr Friis, Bomholtgard).

Natural cytotoxic macrophages are also
present in nude mice, which is of interest
as these mice are thought to have no T
cells.

DISCUSSION

Natural cytotoxic macrophages

The data on the cytotoxicity of natural
cytotoxic macrophages in the Figure and
Table I show that natural cytotoxic
macrophages were growth-inhibitory and
sometimes completely cytostatic. Cyto-
toxic macrophages have been described in
normal mice (Meltzer, 1976; Liet al., 1977;
Keller, 1978a), nude mice (Meltzer, 1976)
and rats (Keller, 1978a, b). However, non-
cvtotoxic macrophages in normal mice
have also been described (Alexander &
Evans, 1971; Evans & Alexander, 1971,
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TasLE ITII.—Cytotoxicity Index of normal macrophages from various strains of mice, used
tmmediately on arrival

CI* after
preincubation
———A " No.of
Strain Institute of origin Condition —FBS +10%FBS Expts.t
BALB/c TNO-Zeist SPF 2+8 18+ 16 3
C3H TNO-Rijswijk Conventional 3646 59+6 1
CRF 16411 30+13 3
Germ-free 9+13 16+9 3
C57BL Charles River, France = COBS 14+12 60+16 4
C57BL/6 CNRS, Orléans SPF 31+16 65+ 6 3
CNRS, Villejuif SPF 3048 60+8 2
Jaxlab. HDSF 15+2 65+1 2
Sprague-Dawley Barrier maintained 59415 73+10 3
C57BL/6Jn(J67) JaxLab. Conventional 34+5 N.T. 4
C57BL/10 OLAC 1976 Ltd. Category 4 29+12 59+10 3
Bombholtgard Before re-establishment 5+2 18+16 2
of the colony
SPF; after re-establishment 3+19 11433 8
of the colony}
C57BL/10Sn JaxLab. Conventional 4945 68+5 3
TNO-Zeist Conventional 4249 70+11 13
Germ-free 942 N.T. 1
C57BL/Rholco Iffa Credo SPF 45+ 2 61+8 2
CBA TNO-Zeist SPF 5+16 6+8 3
DBA/2 TNO-Zeist Before re-establishment 63+3 N.T. 1
of the colony
After re-establishment 30+3 58+ 1 2
of the colony
Nude Central Animal House SPF 2947 N.T. 3
AZU
Swiss TNO-Zeist SPF 41+11 N.T. 3
CRF, inbred 10+5 23+8 3
CRF, random bred 19+9 43+13 3
Explanation

* Measured after 24 h by comparison with the growth of SL2 tumour cells cultured alone.

1 Performed in triplicate.

1 A germ-free colony was expanded in a sterilized room under conventional conditions.

SPF': specific pathogen free.

CRF': colony resistance factor.

COBS: caesarian-originated, barrier-sustained.
HDSF: Hysterectomy-derived foundation stocks.

Category 4: according to “The Accreditation and Recognition Schemes for Suppliers of Laboratory
Animals” of the MRC Laboratories, Carshalton, England.

N.T.: not tested.

1972; Alexander et al., 1972; Den Otter
et al., 1972; Evans et al., 1972; Keller,
1973; Krahenbuhl & Remington, 1974;
Pels & Den Otter, 1974; Fidler, 1975;
Krahenbuhl & Lambert, 1975; Fidler et
al., 1976; Krahenbuhl et al., 1976).
Preincubation of the macrophages in
the presence of FBS enhanced the meas-
ured natural cytotoxicity. These results
are in line with those of Melsom & Seljelid
(1973) and Li et al. (1977). However, the
natural cytotoxicity itself seemed not to
be due to factors in the serum as (a) all the
different sera tested, (b) Rehatuin which
should be free of endotoxin, (¢) fraction-

ated, and (d) adsorbed serum gave com-
parable results. Cytotoxicity due to fac-
tors in the serum has been described by
several groups (Lejeune & Regnier, 1975;
Lejeune et al., 1978; Leonard & Skeel,
1978).

Trypsinization had no influence on the
cytotoxicity of these macrophages. Thus,
a cytophilic factor (Pearsall & Weiser,
1970) did not seem to be involved.

The causes of natural cytotoxic macrophages

Stress.—Stress might cause natural
cytotoxic macrophages, as stress could
have an effect on the immune system
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(Tobach & Bloch, 1956 ; Rasmussen, 1969;
Joasoo & McKenzie, 1976). Stress could be
the result of (a) travelling or (b) much
noise, many people or many mice in the
animal house. However, these causes of
stress could be excluded as (a) mice from
several colonies had no natural cytotoxic
macrophages immediately after travelling
(Table III), and (b) the cytotoxicity of
macrophages from mice kept under quiet
conditions in our animal house for 4 weeks
and from mice just after arrival was similar
(unpublished results).

Infection—Natural cytotoxic macro-
phages might be caused by infections with
antigens like mycoplasma, viruses or
bacteria. However, DBA/2 and C57BL
mice from TNO-Zeist and Jackson
Laboratory as well as SL2 cells were myco-
plasma negative and no pathogenic bac-
teria could be shown in mice with natural
cytotoxic macrophages.

All mice except germ-free and CRF
mice have many types of bacteria and
viruses in the gut. Table III shows that
germ-free mice and mice with CRF flora
had no natural cytotoxic macrophages.
This suggests that natural cytotoxic
macrophages were caused by certain
bacteria and viruses which are not patho-
genic. This conclusion is in line with (a)
the description of cytotoxic macrophages
in nude mice (Meltzer, 1976) and many
complaints about infections in nude mice
(Rygaard & Povlsen, 1974) and (b) the
suggestion of Currie (1976) that cyto-
toxicity of peritoneal macrophages might
be caused by bacteria in the gut. Natural
cytotoxic macrophages might be avoided
by maintenance of semi-sterile conditions
in the animal house and a CRF flora in
the mice to stabilize the bacterial flora in
the gut (Koopman & Janssen, 1974; Van
der Waay et al., 1971 ; Wensinck & Ruseler-
Van Emden, 1971).

Natural cytotoxic macrophages and natural
killer cells

Many data have been published about
natural killer (NK) cells (see review by
Herberman & Holden, 1978). The natural
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cytotoxic cell described in this paper and
the NK cell have some properties in
common, such as their nonspecific action
(Table I), their presence in different strains
of mice and in T-deficient mice (Table IIT).
However, there are also differences: (a)
the cytotoxic cell described in this paper
is a macrophage, (b) it does not lose its
cytotoxicity within' 4 h but after 5 days
(Table II), (c) no peak activity could be
found in 6-8-week-old mice (unpublished
results), (d) the natural cytotoxicity did
not seem to be controlled genetically, as
the same strain of mice could have non-
cytotoxic or cytotoxic macrophages (C3H
and C57BL mice in Table III) according
to the conditions under which it was
maintained.

These findings exclude the possibility
that this cell is an NK cell, or that the
used cell population contained a small
subpopulation of NK cells.
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