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SUMMARY

(CMA)are cytotoxic to tumor cells. The presently reported
findings indicate that the cytotoxicity of CMA is highly spe
cific, destroying only cells derived from the immunizing
tumor. They support prior observations indicating that the
cytotoxicity of the mature macrophage is derived from pme
cursor stem cells and that no peripheral lymphocyte-anti
gen interaction with the macrophage is required for it to
obtain that property. Information is also provided that mdi
cates that cells from lymph nodes regional to a tumor (RLN)
may affect stem cells from which CMA are derived. Not only
is theme decreased macmophage colony production when
regional lymph nodes are absent, but also cytotoxicity of
the resultant CMA is reduced. Observations indicating that
transfer of regional lymph node cells from tumor-bearing
mice to normal mice results in the production of cytotoxic

CMA by BMC derived from the latter afford further support
to this consideration. Findings also indicate that the cyto
toxicity of CMA, like that of regional lymph node cells and
BMC, is inhibited by serum from tumor-beaming animals and
that the degree of inhibition increases with duration of
tumor growth in the serum donor. Finally, it was observed
that, with progressive tumor growth, BMC result in CMA
with decreased cytotoxicity.
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MATERIALSAND METHODS
Mice. Inbred C3HeB/FeJ females, 8 to 12 weeks old, were
housed in individual cages and fed laboratory chow and
Tumors. A spontaneous mammary carcinoma arising in a
C3H female and carried in female C3HeB mice was used.
This tumor, designated as the C3H tumor, was used in all
experiments. It was transferred by the injection of 2 x 10@
viable tumor cells in 0.1 ml Medium 199 s.c. in the left hind
legattheankle.

In experimentsevaluating specificity of macrophagecyto
toxicity, 2 different MC tumors were used, a mammary
carcinoma (Tumor MCF) produced by gastric instillation of

MC and a sarcoma resulting from s.c. inoculation of MC in

cA-14972.
cells;

CMA,

cultured

macrophages; RLN, regional lymph nodes; MC, methylcholanthrene; RLNC,
regional lymph node cells; BMC, bone marrow cells; MEM, minimal essential
medium; LNC, lymph node cells.
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by host serum.

water ad !ibitum.

INTRODUCTION
Prior

on cellular cytotoxicity and on inhibition of the cytotoxicity

C3HeB females.
Removal of RLN. The left popliteal and inguinal lymph
nodes were removed under ether anesthesia either 7 days
prior to tumor cell inoculation or on the day of inoculation.
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Prior investigations from this laboratory have demon
strated that, when bone marrow cells (BMC) from a tumor
bearing host are cultured, enhanced macrophage colony
production occurs and macmophages from the colonies

nizing tumor, and they continued to possess that character
istic for as long as a tumor was present in the animal from
which the bone marrow was derived (11). Following tumor
removal, cytotoxicity was rapidly lost. Additional studies
have assessed the effects of prolonged cycbophosphamide
and Corynebacterium parvum treatment on the production
of CFC and on the cytotoxicity of macrophages comprising
colonies produced by the CFC (10). Information indicating
that the cytotoxic macrophage is an important effector cell
in the inhibition of tumor growth was obtained by utilizing
rifampicin, a semisynthetic antibiotic that interferes with
macrophage function, but not with viability (7). All of the
findings lend support to the contention that (a) the cytotoxic
property of macmophages originates in ancestral stem cells
or CFC in bone marrow and (b) receptor sites of the CFC (or
stem cells) that respond to a stimulus for self-replication
probably differ from sites that when activated produce
progeny with cytotoxic properties.
This report presents results from studies carried out to
obtain further information concerning the cytotoxic CMA.
Those investigations have evaluated (a) the specificity of the
cytotoxicity, (b) the role of RLN in the production of such
cytotoxicity, and (c) the effect of duration of tumor growth

Cytotoxic Cu!tured Bone Marrow Macrophages
An equal number of control mice were subjected to ether
anesthesia, skin incision, and suturing, but the lymph
nodes were not touched. Mice were sacrificed from 1 to 28
days following tumor cell inoculation. The degree of cyto
toxicity was not influenced by the time of node removal;
consequently, the results have been combined for presenta
tion.

Cells. The cellsderivedfromthe left poplitealand ingul
nal lymph nodes are designated as RLNC. Those cells ob
tamed by flushing of the marrow cavity of femurs and as
sayed immediately for cytotoxicity are designated as BMC.
Those cells harvested following in vitro culture of BMC for
7 days are referred to as CMA.

Bone Marrow MacrophageAssay. A modificationof the

a colony configuration were counted. The results are ex
pressed as cobonies/105 cells and colonies/femur. Statisti
cal comparisons were made by the Student t test.
Production of Macrophages for Cytotoxicity Assay. To
produce large numbers of macrophages, a cobony-stimulat
ing factor was added to the culture medium. BMC obtained

as described above and diluted in Medium 1066to contain 1
x 10@ cells/mi

were

cell-conditioned
with

methyl

added

to an equal

volume

of mouse

L

medium and 4 volumes of Medium 1066

cellulose

and

horse

serum.

Forty-mb

aliquots

were placed in 250-mI Falcon flasks and incubated for 7
days. At that time the cells harvested were, but for a rare
exception, macmophages (4). The macmophages were iso
bated from the culture medium by 4 washings with 0.9%
NaCI solution and resuspending in Earle's MEM with 30%
fetal calf serum.

Preparation of RLN and BMC for CytotoxicityAssay.
Mice were killed by cervical dislocation. The RLN were
removed, minced with scissors, and washed through an 80
mesh nylon screen with Earle's MEM with 30% fetal calf
serum. The bone marrow was obtained as described above,
an aliquot was resuspended in Earle's MEM, and the re
mainder was used for macrophage production. When RLNC
and BMC were to be washed, the cell suspensions were
divided into 2 abiquots. One was waShed 6 times with Earle's
MEM at room temperature, and the other (unwashed) was
maintained at room temperature for the same period of
time.
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to be assayedwere added to a number of wells, and control
cells or medium alone was placed in an equal number of
wells. Cells of the same type that were used for negative
controls were derived from non-tumor-bearing
mice,
whereas those serving as positive controls came from ani
mals bearing a 14- to 28-day tumor. In all of these experi
ments, 5 x 10@cells were added to each well unless other

wise noted (Table 1). Plates, coded to eliminate bias in
observation, were incubated for 48 hr, stained with crystal
violet, and examined. A sufficient number of plates were
used to provide 30 wells treated with each cell type in each
experiment. The wells were scored on a scale of 0 to 5
according to the area free of tumor cells, with 0 indicating
complete coverage and 5 indicating complete absence of

tumor cells. The data are presented as the percentage of
tumor cell destruction, which compares the amount of tu

momremaining in the treated wells to that in the nontreated
control wells. Data were analyzed by the Mann-Whitney U

test.
Transfer of Cytotoxicity.A single-cellsuspensionwas
prepared in Hanks' balanced salt solution from RLN of mice
bearing a 14-day tumor. It was diluted to contain 5 x 10@
cells/mb. Each mouse received 5 x 1O@cells via tail vein.
LNC from non-tumor-bearing mice were prepared and in
jected in the same fashion. Mice were sacrificed at intervals
of 3, 5, 7, 14, 21, and 28 days after transfer of LNC for
determination of cytotoxicity of LNC, BMC, and CMA.

Sera for Inhibition Studies. Sera were obtained from
mice after 2, 4, or 8 weeks of tumor growth or from normal
non-tumor-bearing mice. They were bled individually from
the retroorbital plexus, the blood was allowed to clot at
room temperature, and the serum was removed and either
used at once or stored at â€”70Â°.
All sera were inactivated for
30 mm at 56Â°and diluted 1:5 with phosphate-buffered saline
(Dulbecco's phosphate-buffered saline without calcium or
magnesium, pH 7.2, Grand Island Biological Company,
Grand Island, N. V.) just before use.
A sufficient volume of normal or tumor sera for a number
of determinations was obtained by pooling an equal amount
of serum from 6 to 12 mice. This pooled serum was dis
pensed in abiquots large enough for 1 day of use and stored
frozen. No sera were refrozen and thawed.
In experiments designed to investigate serum inhibition
of cytotoxicity, 3 mice were sacrificed after 14 days of tumor
growth to provide bone marrow for culture. At that time, 3
mice with tumors of equal size were selected to be donors
of RLNC and BMC 1 week later when the CMA were har
vested. All 3 cell types were tested for inhibition of cytotoxic
ity by the 3 tumor sera. All testing of cell-sera combina

tions took place simultaneously on the same plates using
the same target cell population. The experiment was me
peated after 28 and 42 days of tumor growth.
For determination of whether the cytotoxicity of cells was
influenced by the duration of tumor growth in animals from
which they were derived, mice were given injections of
tumor cells at intervals so that on the day of sacrifice there
were mice with 14-, 28-, and 42-day tumors. One-half of
3629
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method of Bradley and Metcalf (3) used by us in previous
studies and described in detail elsewhere (2) was used. No
colony-stimulating factor was utilized. All mice were killed
by cervical dislocation, and 1 femur was promptly removed
by sterile technique from each mouse. The marrow was
removed by flushing from the cavity with Medium 1066
(Grand Island Biological Co., Grand Island, N. Y.). The cell
suspension was counted and diluted to contain 1 x 10@
cells/mI. Cell suspension (1.5 ml) was added to 13.5 ml of
Medium 1066 containing 1.8% methyl cellulose and 15%
horse serum. One ml ofthe resulting suspension containing
1 x 10@cells was plated in each of 10 tissue culture dishes
(35 x 10 mm; Falcon Plastics Company, Oxnard, Calif.).
Plates were incubated at 37Â°in a 10% CO2atmosphere with
100% humidity for 7 days. After that period of incubation,
discrete colonies of 25 or more cells as well as small clus
ters of fewer cells were found. Identification marks on the
plates were replaced by a code to ensure objectivity of the
colony counts. Only groups of 25 or more cells arranged in

In Vitro Cytotoxicfty Testing. Cytotoxicity of macro
phages, LNC, and BMC was assayed by the method previ
ously described (8). The test was carried out in microtest
plate wells covered by a monolayer of tumor cells. The cells

B. Fisher et a!.
each group provided bone marrow for culture, and the
other mice with tumors of comparable size were used 1
week later for RLNC and BMC. All types of cells and both
semawem&applied to the same tumor plates, so that the con
ditions of the test were identical and comparisons could be
made between all ages of cells. Only serum from animals
with 56-day tumors was used.
For determination of cytotoxicity inhibition, the method
described by HebbstrOmet a!. (15) was used. Target tumor
cells in microcytotoxicity plate wells were incubated with
each serum to be tested and an equal number of wells on
each plate were treated with normal (non-tumor-bearing)
mouse serum. After 45 to 60 mm incubation of the plates at
370,

the

sera

were

removed

and

the

wells

were

washed

once

had been washed priorto theirculture.

RESULTS
Specificity of Macrophage Cytotoxicity
Influence of Duration of Tumor Growth on Cellular Cyto
toxicity and Serum Inhibition
Inhibition of cytotoxicity of each of the 3 cell types (CMA,
BMC, and RLNC) was found to increase in direct relation
ship to the length of tumor growth in the mice from which
the sera were derived (Chart 1). This was consistently ob
served when the various sera were used with cytotoxic cells
that were obtained from animals with tumors that grew for
different lengths of time. In each experiment, the reduction
of cytotoxicity by 14- or 28-day serum was proportionally
less when CMA were tested than when either BMC or RLNC
were used. When serum from animals beamingtumors for 56
days was used, a relatively uniform inhibition of cytotoxicity
by the 3 cell types existed.
The cytotoxic inhibition of each cell type was dependent
not only on the duration of tumor growth in animals from
which serum was derived but also on the duration of tumor
growth in animals from which the cells to be tested came.
The cytotoxicity of either CMA, RLNC, or BMC was signifi
cantly decreased (p < 0.001) by an additional 4 weeks of
tumor growth in animals from which the cells were derived.
This was observed when either normal serum or serum from
56-day tumor-bearing animals was used (Chart 2).
@
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@
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When cytotoxicity was assayed by exposing either C3H or
MCF tumor cells to CMA from animals bearing a tumor of
the same cell type, a high degree of cytotoxicity (60 to 70%)
was obtained (Table 2). When the immunizing tumor was
different from that which provided the target cell, a degree
of cytotoxicity was observed that was only slightly greater
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Chart 1. Effect of serum from tumor-bearing mice on cytotoxicity of RLNC, BMC, and CMA.
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with phosphate-buffered saline. The cells to be assayed
were added to a number of wells, and control cells or
medium alone was placed in an equal number of wells. Cells
of the same type derived from the non-tumor-beaming con
trol mice were used as negative controls.

When normal serum was used with RLNC obtained from
animals with 7-week tumors, there was a significantly
greater reduction in cytotoxicity than when RLNC came
from animals with 3-week-old tumors. When tumor serum
was used, there was an even greater decrease in cytotoxic
ity in cells from animals with the older tumors.
Findings with BMC and CMA were similar to those with
RLNC. With normal serum, a significant reduction in cyto
toxicity was associated with the cells derived from mice
having an additional month of tumor growth. With tumor
serum the reduction was even greater when cells came from
animals with older tumors.
To determine whether the decreased cytotoxicity of RLNC
and BMC, after a long period of tumor growth, was due to
the presence of an extrinsic factor on the cell surface, these
cells were repetitively washed prior to being placed on
cytotoxicity plates. Such washing increased the cytotoxicity
of all cell suspensions (Table 1). Themewas no increase in
the cytotoxicity of macmophages from cultured BMC that

Cytotoxic Cu!tured Bone Marrow Macrophages
than that produced by macrophages from normal mice.
When the chemically induced tumors were used for immu
nization, the macrophages from those animals were more
cytotoxic against the C3H tumor than vice versa. Similar
findings were obtained when the cytotoxic cells were from
bone marrow or RLN.

Role of RLN in the Productionand Cytotoxicityof CMA

fore or just prior to tumor cell inoculation. This was evident
(Table 3) when results were presented either as cobonies/
10@BMC or as colonies/femur. Similar observations were
obtained when the BMC were cultured after 7 or 14 days of
tumor

growth.

At all times investigated (from 1 to 28 days of tumor
growth), cytotoxicity of BMC and CMA was greater when
RLN were present in animals with tumors (Table 4).

Transfer of RLNC to Non-Tumor-bearingMice. The
Effectof Absenceof RLN. At 3 daysof tumorgrowth,the

transfer of RLNC to normal animals resulted in the produc

macrophage colony production by CFC was significantly
decreased when RLN had been removed either 7 days be

Table4
Effect of theabsenceof
inBMC

and CMA
growthIndex
during tumor
destructionBMC
of tumor
CMALymphLymph
LymphLymphDay
nodesnodesmor
of tu
nodesnodes
growthpresentabsent
presentabsent13â€¢9a2.0
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Table 1
Effect of repeated washing on cytotoxic property of effector ce!!s
Daysof tu
Cytotoxic
mongrowth
of cells/
cell
of cellcells402532.2@57.54012.521.452.2
donorNo.
well x 10@Unwashed
cellsWashed
RLNC

RLN on deve!opment of cytotoxicity

2.61.225.93.2

BMC402519.949.34012.512.341.1CMA21

6.73.2317.111.9
12.97.1525.114.1
21.415.0734.123.9

27.5a
Percentage

41.532.51467.462.5

12.5
50
17.3
13.8
2112.5
12.524.6 36.324.1
of tumor celI destruction.

68.864.12873.362.5

69.364.2
a Percentage

of tumor

cell

destruction.

Table 2
28-daytumorRLNC5BMCCMARLNCBMCCMANone
with 14-daytumorMice

with

lmmuniz
tu
ing tumorTarget
moncellMice
1.0C3H
NoneC3H MCF3.1

b
1.23.1

C3HC3H
4.1MCF

MCF64.7

1.670.8 2.872.4 3.267.4

MCFC3H
69.2MC

MCF9.2

MCC3H
a Effector

1.22.2

61.67.7

MCF6.7

63.18.1

6.85.3

.0
1.01

0.61

60.85.6

2.172.9 3.574.1
67.810.2 71.913.7

7.31.3

6.68.1

.0
1.01.0

5.64.5

8.34.1

10.3

cells.

b Percentage

of

tumor

cell

destruction.

Table 3

Effect of absence of RLN on macrophage co!ony production during tumor growth

Colonies/105BMCa
tumornodes1
Lymphgrowthremovednodes

. Lymph2.

Colonies x 103/femur'

Lymph3.Lymph4.

presentnodes absentnodes
presentnodes absent
1Aâ€•44.7 0.36B60.0
Â±2.0945.9
Â±2.785.8
Â±0.356.0
Â±
Â±2.3162.0
Â±2.316.9
Â±0.216.9
0.363A
Â±
Â±1.56
Â±1.64c
Â±0.15
Â±0.15'@
108.8 Â±9.8943.6
73.1 Â±3.10c5.1 10.4 Â±0.454.2 6.2Â±
0.32@7A B54.6
Â±1.71

B57.0

0.3014A

Â±1.41c

Â±0.17

Â±0.11â€•

99.4 Â±2.9244.8
83.3 Â±2.92c5.0 99 Â±0.474.08.6 Â±
Â±1.91
Â±1.62â€•
Â±0.17
Â±0.28
90.0 Â±2.7041.0
72.6 Â±3.01â€•4.8 9.2 Â±0.524.0 7.3 Â±0.67c

B56.8

a Mean Â±S. E. ; 10 plates/experiment.
b A,
C p
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tion of cytotoxic CMA, which was maximum at 7 days. While
the degree of cytotoxicity subsequently declined for at least
as long as 28 days, that attribute of CMA remained greater
than did similar cells from animals receiving LNC from non
tumor-bearing animals (Chart 3). BMC and LNC displayed a
similar development of cytotoxicity following transfer of
RLNC from tumor-bearing mice, except in that the maxi
mum cytotoxicity of LNC was observed at 14 days.

DISCUSSION
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Chart 3. Development of cellular cytotoxicity after transfer
of RLNC from tumor-bearing to normal mice.
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to the cell

and that is probably related to alterations in its antecedent
stem cell, since intensive washing of BMC prior to culture
failed to increase the cytotoxicity of the resulting macro
phages.
The findings demonstrate for the 1st time that the cyto
toxicity of CMA is also inhibited by serum from animals
bearing tumors and that the degree of inhibition of those
cells increases with the duration of tumor growth in the
serum donor. If in vitro cytotoxicity is a correlate of cell
mediated tumor cell destruction in vivo, and if the macro
phage is a cell of primacy in such destruction, then the
findings suggest that the adverse effects of the serum fac
tom(s) may be more pervasive than merely its interference
with lymphocyte cytotoxicity.
It has been demonstrated that mature macrophages from
a tumor-bearing host (peritoneal, etc.) become specifically
or nonspecifically cytotoxic to neoplastic cells (6). The
specificity of the cytotoxicity of the CMA required evalua
tion. The present findings indicate that this attribute of
those cells is indeed a specific one and that the specificity is
acquired from the macrophage precursor stem cells in ani
mals bearing a tumor. In that regard, the findings may be
considered in the light of those of Evans and Alexander (6),
and associates. They have indicated that â€œarmingâ€•
is a
function of the mature macrophage that is mediated
through

hyperimmune

spleen

cells

or the

supemnatant

of

immune lymphocytes cultures with specific antigen. These
cells then become specifically cytotoxic. Our findings sug
gest that a mature macrophage in a tumor-bearing host
could already possess specific cytotoxic properties and that
no peripheral lymphocyte-antigen interaction with it would
be required for its arming since that function may have
already occurred prior to maturation of that cell. Thus,
while there is no disagreement with the findings of Evans
and Alexander and associates regarding the arming of ma
ture macrophages in vitro, such a mechanism may be less
important in the tumor-bearing host.
Findings regarding the role of the RLN and the develop
ment of cytotoxicity in CMA are of interest. They suggest
that, while the presence of RLN is not imperative to the
development of BMC or CMA cytotoxicity, the degree of
cytotoxicity was slightly reduced by their absence. That
effect was more evident early in tumor growth suggesting
that RLNC may play a molein the â€œprimingâ€•
of the stem cells
from which the CMA are derived. The observations ob
tamed, indicating that transfer of RLNC to non-tumor-bear
ing mice resulted in the production of cytotoxic CMA, sup
ports this consideration. Further evidence indicating the
existence

of a relationship

between

nodes

regional

to a
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reduction in cytotoxicity may be a reflection of changes in
the population of cells being tested. There may be either a
larger proportion of noncytotoxic cells or a reduction in
specific cell cytotoxicity. The present findings indicate that
with progressive tumor growth there is a reduction in cyto
toxicity, probably associated with accumulation of soluble
serum-inhibitory factors on the cell surface which is readily
removed by washing, with no intrinsic alteration of the
cytotoxic cell. On the other hand the reduction in cytotoxic
ity of CMA seems to be a quality that is intrinsic

Lymphoid cells from animals with growing tumors are
cytotoxic in vitro to neoplastic cells of the same line. Sera
from such hosts interfere with cytoxicity of those lymphoid
cells (12-14). Themeis general agreement that this intemfer
ence appears early and increases with progressive growth
of tumor (1). The present findings are in agreement. While
some investigators have found no alteration in the cytotoxic
properties of the lymphoid cells during the growth of a

Ui

tumor (1), others have reported a decrease (5, 16). This

Cytotoxic Cu!tured Bone Marrow Macrophages
tumor and bone marrow is evidenced by the decrease in
macrophage colony production when RLN were absent.
The precise mechanism whereby stem cells become specifi
cally cytotoxic remains to be elucidated.
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