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ABSTRACT

The susceptibility of cloned cell lines of the 13762NF rat
mammary adenocarcinoma to macrophage-mediated cytolysis
was investigated using both intra- and extratumoral macro
phages. The percentage of Fc receptor-positive cells in tumors

growing s.c. in syngeneic F344 rats ranged from 8 to 20%, but
we could not demonstrate a significant correlation between the
number of Fc receptor-positive cells within tumors and their
spontaneous metastatic potentials. In macrophage-mediated cy

tolysis assays, cloned 13762NF cell lines of differing metastatic
potential, established from tissue culture lines, fresh tumor ex-
plants, or short-term cultures (one passage in vitro), were used
as targets. Effector cells were thioglycolate-elicited peritoneal
macrophages (activated in vitro with bacterial lipopolysaccharide)
or intratumoral macrophages (activated in vitro with lipopolysac
charide). When the effector cells were peritoneal macrophages,
established cloned 13762NF cell lines showed little correlation in
their susceptibility to macrophage-mediated cytolysis and meta

static potential, while this was not observed when fresh tumor
expiants were used. Highly metastatic MTLnS cells were the
least sensitive, less metastatic MTF7 and MTLn2 cells were
more susceptible, and the low metastatic parental MTPa cells
were the most sensitive in 72-h cytolysis assays. When the

effector cells were intratumoral macrophages, all 13762NF cell
lines showed less sensitivity in cytolysis assays than similar
assays using thioglycolate-elicited peritoneal macrophages. With
the exception of line MTLn2, short-term cultures (one passage

in vitro) did not differ substantially in susceptibility to intratumoral
macrophages compared to fresh expiants. In this system, the
sensitivity of 13762NF cells to macrophage-mediated cytolysis

is a function of effector as well as target cell source.

INTRODUCTION

Although macrophage infiltration of human, murine, and rat
tumors has been well documented (8-10, 17, 19, 48, 49), the

relevance of this response in tumor surveillance (5) or control of
tumor progression and metastasis is less well defined (2,13,14,
23). Investigators have sought to evaluate whether tumor im-

munogenicity, malignancy, and metastatic potential correlate
with tumor infiltration by host cells (3, 7, 11), but the results
obtained in several experimental tumor systems have found
either no correlation between these parameters (11, 24, 46) or
an inverse correlation between macrophage content, tumor im-

munogenicity, and metastatic potential (3, 7). However, little is
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currently known concerning the cytolytic activities of intratumoral
macrophages associated with tumors of differing spontaneous
metastatic potential (25, 37).

Macrophage activation is known to proceed through a number
of defined stages (22, 26, 27), and once they are "activated" to

become tumoricidal, such macrophage populations are able to
selectively recognize and mediate destruction of neoplastic
rather than normal cells (12, 13, 16, 21, 24). In an attempt to
evaluate the functional status of tumor-associated macrophages,

we have examined the susceptibility of cloned cell lines of the
13762NF rat mammary adenocarcinoma to macrophage-media

ted cytolysis by their own intratumoral macrophages. These
tumor cell clones, which differ in their spontaneous metastatic
potentials (30, 32, 51), are well characterized and undergo
phenotypic drift in their in vivo metastatic potentials during
culture in vitro (31, 51). In addition, they are heterogeneous in
their sensitivities to ionizing radiation (50), hyperthermia (47),
and chemotherapeutic agents (52) and also in their expression
of cell surface glycoproteins (31, 32, 42). We report here on the
relationship between metastatic potential, host cell infiltration,
and susceptibility to macrophage-mediated cytolysis in the

13762NF tumor system. Our results indicate that susceptibility
to macrophage killing is highest in cultured low metastatic poten
tial 13762NF cells, and the use of fresh tumor expiants and
macrophages that have not been subjected to in vitro culture
affords the most realistic assay to assess macrophage sensitiv
ity.

MATERIALS AND METHODS

Animals. Inbred 8-week-old female Fischer (F344/CDL) rats (RT11)

were supplied by the Charles River Breeding Laboratories (Kingston,
NY). Animals were quarantined for 7 days before use and fed standard
rodent chow and unchlorinated spring water ad libitum. They were
maintained under guidelines set forth by the University of Texas System
Cancer Center and the Institute of Laboratory Animals Resources,
National Research Council. Rats used as a source of PECs2 were 12

weeks of age.
Cell Lines and Culture Conditions. Cloned lines of the 13762NF rat

mammary adenocarcinoma (MTLn3, MTLn2, MTF7, MTC, and MTPa)
were obtained and grown as described previously (30,31 ). All cells used
were screened routinely and were found to be free of Mycoplasma and
virus contamination.

Macrophage Populations. PECs were harvested by peritoneal lavage
with 20 ml of cold DPBS, pH 7.2,5 days after injection of 7 ml of a sterile
solution of 2.9% thkxjlycolate broth (Difco Laboratories, Detroit, Ml).

2The abbreviations used are: PECs, thioglycolate-elicited peritoneal macro
phages; DPBS, Dulbecoo's phosphate-buffered saline; AMEM, Â«-modifiedessential

medium; FBS, fetal bovine serum; EA, antibody-coated sheep RBC; SRBC, sheep
RBC; FcR, Fc receptor; LPS, bacterial lipopolysaccharide; NC, natural cytotoxic;
NK, natural killer.
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Between 5 and 10 x 10e cells were obtained from each animal. PECs

were centrifugea at 400 x g for 5 min, washed with AMEM (Grand Island
Biological Co., Grand Island, NY) plus 10% FBS (Hyclone, Logan, UT),
and then plated at a concentration of 5 x 106Â¡mlinto 100-mm tissue

culture dishes (Coming Glass, Coming, NY) and allowed to adhere in the
absence of serum for at least 30 min at 37Â°C in a humidified atmosphere

with 5% CO2. After thorough washing to remove nonadherent cells, 10
ml of AMEM containing 10% FBS were added to the cultures. Adherent
cells were recovered from the tissue culture plates after incubation with
5 ml of 10 mM EDTA in DPBS for 15 min at 37Â°C, followed by gentle

scraping with a rubber policeman. The cells were washed and resus-

pended in AMEM with 10% FBS. At no time were antibiotics added to
the medium. Greater than 98% of the adherent cell population consisted
of macrophages, as determined by cell morphology and nonspecific
esterase staining.

Intratumoral macrophages were isolated from tumors established in
syngeneic hosts by injection of 10* cells s.c. into the mammary fatpad,

as described previously (30). In this study, the following cloned lines
were used: MTLn3; MTLn2; MTF7; MTC; and parental MTPa. After 23
days, tumor-bearing animals were killed, and the tumors were removed

aseptically. For each experiment, the tumors from 6 rats were pooled.
Intratumoral macrophages were obtained essentially by the method of
Evans (9, 10). Solid tumors were minced with scissors under aseptic
conditions and disaggregated for 60 min at room temperature in silicon-

ized flasks (Prosil 20; PCR, Inc., Gainesville, FL) containing an enzyme
solution of 0.1% trypsin (Grand Island Biological Co.), 1% collagenase
(Sigma Chemical Co., St. Louis, MO), and when necessary DNase 1 (10
Â¿ig/ml)(Sigma). Disaggregated cells were separated from tumor pieces
by passage over sterile gauze squares, centrifuged at 400 x g for 10
min, and resuspended in AMEM at a concentration of 5 x 106 cells/ml.

The cell suspension was plated in 100-mm tissue culture dishes contain
ing 9 ml of serum-free AMEM. Cell adherence was allowed to occur for
at least 45 min at 37Â°C in the absence of serum, and the adherent cells

were washed vigorously at least 6 times with serum-free AMEM to

remove tumor cells and other contaminating host cells. In some experi
ments, macrophages were incubated overnight to ensure the complete
removal of tumor cells. Nonspecific esterase staining and morphological
characteristics confirmed that greater than 90% of the adherent cells
consisted of macrophages. GentamiÃ¤n (50 ^g/ml; Garamycin; Schering
Pharmaceuticals, Kenilworth. NJ) was present only in the original enzyme
solution, after which all media were antibiotic free.

Estimation of Macrophage Content in Tumors. EAs were prepared
by incubating rat anti-SRBC serum (heat inactivated at 56Â°C for 45 min)

with a freshly prepared 4% suspension of SRBC in AMEM at a final 1:20
dilution. After mixing for 60 min at room temperature, the EA cells were
washed 3 times with AMEM and stored overnight at 4Â°C. One ml of the

EA suspension was transferred into a polypropylene centrifuge tube
containing 1 ml of a tumor cell suspension (3 x 106 cells), and the cell

suspension was centrifuged for 5 min at 250 x g. The cell pellet was
gently resuspended in 5 ml of medium, and the number of FcR-positive
cells was estimated by counting a field of 200 cells under phase-contrast

microscopy. In some instances, the tumor cell suspension was incubated
with 1 ml of EA for 18 h at 4Â°C, and the number of FcR-positive cells

was quantitated as above. There was negligible difference in the per
centage of FcR-positive cells, irrespective of incubation time. By phago-
cytic criteria, greater than 95% of FcR-positive cells consisted of mac

rophages. A cell was considered FcR positive if 4 or more SRBCs were
associated with it in the form of a rosette.

Cytolysis Assay. Tumor target cells used in these assays were
obtained from 3 sources: (a) standard tissue culture lines at passages
T11 to T19 for donai lines MTLn3, MTPa, MTF7, and MTC, and at
passages T39 to T42 for clone MTLn2; (b) tumor cells harvested from in
wvo-grown tumors and plated directly in 96-well microtest plates (Com
ing) at a concentration of 104 cells/well; and (c) tumor cells isolated from

an in iwo-grown tumor that was allowed to grow for one passage in

vitro. In all experiments, the in vitro passage of the target cells in Assay

a was the same as that injected in vivo; short-term cultures were

established from the same tumors used as source for Assay b; and
intratumoral macrophages isolated for Assay c were harvested from
tumors established in vivo, such that they were of the same in vitro
passage as Assay a. Tumor cells from freshly excised tumors were
separated from macrophages by adherence (described above) before
plating. Target cells were labeled overnight with [75Se]selenomethionine

(0.6 to 1 Ci/mmol; Amersham, Arlington Heights, IL) by the method of
Brooks (4), under conditions designed to give a labeling efficiency of 1
cpm/cell (0.3 ^Ci/culture). In this system, the spontaneous release of
[75Se]selenomethionine over 72-h was in the order of 20% with some

variation depending on the cell line used. Spent medium was removed
and replaced with 100 n\ of AMEM containing 10% FBS in each well.
Macrophages were added at 25:1, 10:1, or 5:1 ratios, either in the
absence or presence of LPS (50 ng/ml). After 6, 24, 48, and 72 h,
macrophage-mediated cytotoxicity was assessed by counting the re

maining radioactivity associated with the cells after lysis with 150 n\ of 2
N NaOH.

Cytotoxicity = 11 â€”!) x 100

where a, is the radioactivity retained in wells with target cells and
macrophages, and a, is the radioactivity retained in wells with medium
alone.

All the cell lines used in these assays were adherent cell populations.
The viability of the cells which detached from the substratum was
determined by trypan blue exclusion, and on this basis, less than 5%
was viable. These results confirmed that release of radioisotope from
the cells correlated with tumor cell lysis, and not cell detachment.

Statistical Analyses. Differences between control and experimental
populations were analyzed for statistical significance by a one-way

analysis of variance. The statistical significance of differences between
sublines was determined by the Kruskal-Wallis test.

RESULTS

After 23 days of growth s.c. in the mammary fatpad of the
syngeneic host, the percentage of FcR-positive cells isolated

from tumors established from 13762NF adenocarcinoma cell
clones ranged from 8 to 20%. The most metastatic line (MTLn3)
possessed the greatest number of macrophages (-20%); how

ever, there was no correlation between metastatic potential and
the ability of host cells to infiltrate the other 13762NF cell clones
(Table 1). The number of FcR-positive cells was determined with
a pool of 6 tumors, isolated from age- and sex-matched rats for

each cell line. Although there was some variation in the percent
age of infiltrating host cells with tissue culture passage of the

Table 1Macrophage infiltration of 13762NF ademcarcinoma

Metastatic po
tential (ranked % of FcR-posi-

Tumor Original passage by order)" live cells6

MTPaMTPaMTCMTCMTF7MTF7MTLn2MTLn3T13T11T14T12T18T17T40T181122334510912118151020

8 Spontaneous metastatic potential assayed as described by Welch et al. (51).

7, lowest; 5, highest.
6 FcR-positive cell infiltrate determined on tumors grown s.c. in the mammary

fatpad of the syngeneic host for 23 days (10" cells/rat).
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tumor lines, this was not significant (Table 1).
Established cloned cell lines of the 13762NF adenocarcinoma

showed very little variation in their susceptibility to inflammatory
(PEC) macrophage-mediated cytolysis at high effectortarget

ratios. For example, at 25:1 ratios, lines MTLn2, MTC, and MTF7
showed between 50 and 60% cytolysis at 72 h, while lines
MTLn3 and MTPa displayed between 30 and 40% cell death.
This difference was abrogated at lower effectortarget ratios. At
a 10:1 ratio, there was no significant difference in susceptibility
between the cell lines, irrespective of their metastatic potential
(Table 2), and lowering the ratio to 5:1 showed reduced suscep
tibility to killing in all cell lines. This was most apparent with lines
MTLn3 and MTPa, where cytolysis was no longer detectable.
No significant tumor cell death was observed when the PECs
were not activated in vitro with LPS.

When the susceptibilities of cells from fresh tumor expiants to
macrophage-mediated cytolysis were examined at low effec

tortarget ratios, the same pattern of sensitivity was not observed
(Tables 2 and 3). Fresh tumor expiants of MTLn3 cells showed
the least sensitivity to macrophage-mediated cytolysis when the

effector cells were PECs. At a 10:1 effectortarget ratio, only
21% of the MTLn3 tumor cells was susceptible to cytolysis at
72 h, whereas using tissue culture-grown MTLn3 cells at the

same effectortarget ratio, 58% cell death occurred. Line MTLn2
also showed reduced susceptibility between tumor- and tissue
culture-derived cells (43.5 and 68% cell killing, respectively); this

Table2
In vitro cytolysis of 13762NFcell lines by activated peritoneal macrophages

Clona!cell
linePassage"MTLn3

T18MTLn2

T42MTF7

T18MTC

T11MTPa

T12Effector:

target
ratto"25:110:15:1025:110:15:1025:110:15:1025:110:15:1025:110:15:10cpm10,327

Â±686"6,005

Â±56813,738
Â±82413,739

+4763.056

Â±1,0072,144
Â±3074,925
Â±8336,771

Â±882,910

Â±9312,793
Â±1185,033
Â±4806,861
Â±7111,428

Â±1141,648
Â±1203,829

Â±3414,535
Â±9273,297

Â±1953,174
Â±1457,21

6Â±8915,132
Â±478%

of cy
tolysis030*580Su'6827Sf/603769642636380Significance"0.0010.0010.0010.0100.002

* Clonalcells at passagein vitro indicated by "T number."
" Effector cells where thioglycollate-stimulated F344 peritoneal macrophages

activated in vitro with LPS (50 ng/ml); 0, no macrophages.
c Percentageof cytolysis was calculated as

-- x 100% of cytolysis

where a, is retained cpm in wells with macrophages, and a, retained cpm in wells
with no macrophages.

" Significancebetween control and experimental samples at the indicated level
determinedby one-way analysisof variance.

* Mean Â±SD.
' Significant difference (P < 0.05) between metastatic MTLn3, tow-metastatic

MTLn2, and MTF7 subÃ®mesdetermined by the Kruskal-WallisTest.

reduced susceptibility was also seen with MTC cells (38 and
64%, respectively), while line MTF7 did not show a significant
difference between in vivo- and in w'fro-grown cells (63.5 and

60%, respectively). However, there was a significant difference
in the susceptibility of the parental line (MTPa) between tumor-
and tissue culture-derived cells (75 and 38% cytolysis, respec

tively) at 72 h. As expected, at lower effectortarget ratios, such
as 5:1, cell death was reduced with all lines, but the same pattern
of susceptibility was seen.

When tumor cells from the same explants as above were
exposed to their own intratumoral macrophages activated in
vitro with LPS, all tumor cells were less sensitive than with PECs
(Table 3). Using intratumoral macrophages rather than PECs
reduced the percentage of MTLn2 cells killed from 43.5 to 39%,
respectively; MTF7 cells from 63.5 to 16%; MTPa cells from 75
to 27%; MTC from 38 to 16%; and MTLnS cells from 21 to 11%
(Table 3). The most interesting result was the relative resistance
of MTF7 and parental MTPa cells to cytolysis by intratumoral
macrophages, compared to killing by PECs using the same tumor
cell target population, while lines MTLn2 and MTLn3 did not
display such a marked reduction in sensitivity. In all cases, it was
necessary to activate intratumoral macrophages in vitro with
LPS. In the absence of LPS, significant killing of any of the tumor
lines was not observed.

Tabled
In vitro cytolysis of 13762NFtumor expiants by activated peritoneal and

intratumoralmacrophages

Pas-
Tumorsage8MTLn3

T18,P1MTLn2

T42,P1MTF7

T18,P1MTC

T12,P1MTPa

T12, P1Effector

popula
tion"PECPECITITNonePECPECITITNonePECPECITITNonePECPECITITNonePECPECrrITNoneEffec

tor:
target
ratio10:15:110:15:1010:15:110:15:1010:15:110:15:1010:15:110:15:1010:15:110:15:10cpm8,484

Â±96*9,025

Â±4039,61
4Â±4689,769

Â±56010,798
Â±5605,235

Â±5447,219
Â±9175,665
Â±1817,453

Â±6079,257
Â±1,0642,933

Â±1485,643
Â±7576,764

Â±1777,116
Â±1748,033

Â±4582,428

Â±1163,327
Â±4163.187

Â±2044,125
Â±3744,1

78Â±374701

Â±331,032
Â±831,463
Â±5502,776

Â±722.215
Â±180%

of cy
tolysis*21

.0/16.0ILO/9.043.5'23.039.r/19.563.5'30.016.011.538.0'20.016.05.075.0'54.027.ff0Signifr

cance"0.0010.0200.0010.0100.002

" Clonal lines after one passagein vivo at the in vitro passagerepresentedby T

number.
" PEC,thioglycolate-elicitedperitonealmacrophagesstimulatedin vitro with LPS

(50 ng/ml); IT, intratumoral macrophages isolated from tumors as described in
"Materials and Methods," macrophagesstimulated in vitro with LPS (50 ng/ml).

cand"SeeTabte2.
â€¢Mean Â±SD.
'Significant difference (P < 0.01) between metastatic MTLn3, tow-metastatic

MTLn2 and MTF7, and nonmetastatic MTC and MTPa sublinesdetermined by the
Kruskal-Wallistest.
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Short-term tissue cultures (i.e., one passage in vitro) of MTLn3
and MTC tumor cells showed similar susceptibilities to thiogly-
colate-elicited macrophages when compared to cells from pri

mary tumor expiants (Table 4). The exceptions were MTLn2,
MTF7, and MTPa cells, which showed markedly reduced sensi
tivities after short-term culture. After only one passage in vitro,

MTPa cells from tumors possessed similar degrees of sensitivity
to LPS-activated PECs as the established cell line. Differences
were more apparent when LPS-activated intratumoral macro

phages were used as effector cells. MTLn3, MTLn2, and MTF7
cells showed no significant difference in susceptibility to intratu
moral macrophage killing at 10:1 effectortarget ratios. MTLn3
cells were the most resistant, and MTLn2 and MTPa cells were
also significantly resistant to intratumoral macrophage-mediated

cytolysis. The anomaly was the relative resistance of MTLn2
tumor cells to macrophage-mediated killing after one passage in

vitro. This result was reproducible in a number of experiments
and was independent of the number of tumor cell passages. It
is interesting that, after in vitro passage from tumor expiants,
MTPa cells were still killed differentially by PECs and intratumoral
macrophages, a situation not seen with the other tumor cell
clones.

That the mechanism of tumor cell killing was macrophage
mediated, and not an NK-mediated activity, was determined in
6- to 72-h assays with either PECs or intratumoral macrophages

as effector cells (Table 5). In all cases, cytolysis was negligible
at 6 and 24 h and maximal at 72 h, suggesting that cytolysis

Table 4
In vitro cytolysis of short-term tissue cultures of 13762NF cells by activated

peritoneal and intratumoral macrophages

Target
cellsPassage*MTLn3

T18,P1.T1MTLn2

T42,P1.T1MTF7

T18,P1.T1MTC

T12,P1.T1MTPa

T12, P1.T1Effector

popula
tion"PECPECITrrNonePECPECITITNonePECPECrrrrNonePECPECITrrNonePECPECITITNoneEffec

tor:
target
ratio10:15:110:15:1010:15:110:15:1010:15:110:15:1010:15:110:15:1010:15:110:15:10cpm3665

Â±260Â°4771

Â±3224088
Â±4705112

Â±5704405
+2293136

Â±5084168
Â±2273256
Â±8992827
Â±5003151

Â±4773946

Â±79331
00Â±2423406

Â±2125776
Â±5075092
Â±3252429

Â±1162347
Â±723028

Â±1424314
Â±1773125

Â±3742363

Â±1372492
Â±5121

98Â±2202809
Â±3823389
Â±613%

of cy
tolysis617.0*5.07.0?5.0s.Â«/5.05.010.022.038.035.0'5.022.020.010.05.0so.o'26.010.017.0Significance"NS"NS0.01NS0.01

* Clonal lines after one passage m vivo, one passage in vitro, from the original

tissue culture passage designated by the T number.
0 See Tables 2 and 3.
c'c'and'SeeTabte2.
* Mean Â±SD.
0 NS, not significant by one-way analysisof variance.

was macrophage mediated.
Incubation of macrophages in vitro overnight reduced their

ability to mediate tumor cell killing, even after subsequent acti
vation with LPS. This was most noticeable with intratumoral
effector cells, making it necessary to evaluate cytolysis without
prior incubation of effector cells in vitro (Table 6).

DISCUSSION

The heterogeneity of primary neoplasms is well established
(15, 33), and it is reasonable to propose that such heterogeneity
will be reflected in susceptibility to host effector mechanisms
(28, 29, 35, 40). Although a number of tumor cell variants
resistant to T-lymphocyte- (40, 41 ) and NK-mediated killing (18,
45) are known, differential resistance to macrophage-mediated

cytolysis is more controversial (14, 29). Previous reports from
our laboratory have demonstrated that, in 2 experimental animal
models, murine B16 melanoma and RAW117 large cell lym-

phoma, highly metastatic cell lines are more resistant to macro
phage-mediated cell killing than the less metastatic cell lines (24,

28, 29, 37). Recent data from other investigators who have
examined either metastatic murine sarcoma (25) or murine mam
mary adenocarcinoma (53) cell variants have led to the same
conclusion. However, in previous studies, the source of macro
phages used as effector cells was thioglycolate-elicited PECs

(28, 29, 53). The data presented here examine the influence on
macrophage activation of a syngeneic tumor growing in vivo,
and how this can influence the ability of macrophages to mediate
cytolysis of tumor cell targets, either as freshly explanted cells
or as short-term tissue cultures.

In tumors with relatively low levels of infiltration of mononuclear
phagocytes, separating and purifying macrophages while main
taining their viability are difficult. In the 13762NF adenocarcinoma
cell clones, the percentage of FcR-positive cells, as assessed by
EA-rosetting assays, varies from 8 to 20%, including variations

with tissue culture passage. There did not appear to be a
correlation between metastatic potential and host cell infiltration
(7), even though line MTLn3, the most highly metastatic, did
have the greatest percentage of FcR-positive cells.

A comparison of the lytic ability of PECs and intratumoral
macrophages showed that the latter were able to lyse syngeneic
tumor cells after activation by LPS in vitro, under the same
conditions as PECs. The difference between these 2 effector cell
populations was one of degree, the PECs being always more
cytolytic than an equivalent number of intratumoral macro
phages. We lowered effectortarget ratios from less than 5:1 to
1:1 in an attempt to mimic in vivo conditions as closely as
possible, because in vivo, the number of tumor cells was at least
5 times greater than the infiltrating macrophages. However, even
at such low ratios, we were able to demonstrate significant
tumor cell killing.

To eliminate the possibility that either NK or NC cells were
involved in the cytolytic assays, the following characteristics of
the effector cell population were established. The cells were
identifiable as macrophages by morphological, phagocytic, and
adherence properties. Nonspecific esterase staining showed that
greater than 95% of the PECs and 90% of the intratumoral
macrophages were positive, a characteristic typical of macro
phages rather than NK cells (20). The kinetics of tumor cell lysis
was consistent with a macrophage-mediated, rather than a NK-
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TabteS
Timecourse for macrophage-mediatedcytolysis of the 13762NFcells

% of cytolysis of tumorlineEffector

population8PECsc

Intratumoral macrophages0Time

(h)6

24
48
726

24
48
72MTLn3

(T18,Pif5.0

5.0
5.0

21.05.0

5.0
5.0

11.0MTLn2

(T18.P1)5.0

23.0
32.0
43.55.05.0

19.0
39.0MTF7

(T18,P1)5.0

5.0
63.5
69.05.0

5.0
5.016.0MTC

(T12,P1)5.0

5.0
36.0
37.05.0

NT*

NTNTMTPa

(T12,P1)5.0

26.0
43.0
75.05.0

7.05.0

27.0
8See Table 3, Footnote b.
" See Table 3, Footnote c.
c Effector-target ratio, 10:1.
" NT, not tested.

Tablee
Effect of overnight incubation on macrophage-mediatedcytolysis of

13762NFcells
% of cytolysis of cellline"Effector

population8PECsc

PECscIntratumoral

macrophages2
Intratumoralmacrophages0MTÃœ13

(T19)58

240

0MTLn2

(T42)NT"

2119

0MTF7

(T19)73

NT0

0MTC

(T14)70

2917

0MTPa

(T12)77

400

0
â€¢SeeTables 2 and 3.

Percentage of cytolysis after 48 h without overnight incubation in vitro and
after incubationin vitro.

c Effectortarget ratio, 10:1.
"NT, not tested.

mediated mechanism, because lysis was minimal at 6 h in all
experiments, whereas maximum killing occurred between 48
and 72 h. In the absence of specific in vitro activation, negligible
cytolytic activity was detectable in the assays. These data
strongly indicate that we are assaying macrophage, rather than
NK or NC, cytolysis.

The use of fresh tumor expiants and short-term cultures (i.e.,

one passage in vitro) as target cells in cytolysis assays had the
additional problem of contaminating host cells, e.g., fibroblasts
and less adherent macrophages. Nonspecific esterase staining
of these tumor cell populations showed that contaminating host
macrophages were not present in the tumor cell expiants, there
fore eliminating any artefactual elevation of the effector.target
ratio. The in vitro morphology of the 13762NF cell lines is very
distinctive (30), and on the basis of morphology, we were confi
dent that the targets were predominantly tumor cells. However,
we cannot totally eliminate the probability that a small percentage
of fibroblasts was present in the explants, but within the limita
tions of this study, we feel that normal host cells did not signifi
cantly influence our interpretation of the data. In addition, the
lytic assay was specific for tumor and not normal cells.

A number of recent reports have documented the characteri
zation of soluble cytotoxins released by macrophages which are
able to lyse sensitized target cells (6,29, 38,39). In the 13762NF
mammary adenocarcinoma system, under the conditions of this
assay, direct contact was necessary for lysis to occur. Sensiti-

zation of the adenocarcinoma cells with actinomycin D did not
increase their susceptibility to supernatant killing.3

3S. M. North and G. L. Nicolson. unpublished data.

From our data, there seems to be a correlation between
spontaneous metastatic potential and sensitivity to macrophage-
mediated cytolysis. However, the relationship appears complex,
and a number of parameters may be important. Examination of
resistance to macrophage-mediated cytolysis using established

cell lines showed there is little difference in susceptibility to killing,
but differences are significant using fresh tumor expiants and
short-term cultures of 13762NF cells. The most metastatic line,

MTLn3, was the least sensitive in these assays, while the less
metastatic lines MTF7, MTLn2, MTC, and MTPa were generally
more susceptible to macrophage-mediated cytolysis. These data

show that the time in culture of target cells influences their
susceptibility and that established cell lines may not be the most
suitable source of target cells with which to evaluate macro
phage-mediated cytolysis. The source of macrophages used in

the assays was also important, and our data suggest that PECs
and intratumoral effector cells may not be equivalent effector cell
populations. To assess the possible functional status of macro
phages that infiltrate syngeneic tumors, intratumoral macro
phages should be isolated, characterized, and used in conjunc
tion with their natural target cell, i.e., tumor cells isolated from
fresh expiants from the in vivo tumor.

Tumor cells are known to produce a number of immunologi-
cally suppressive factors that may not affect macrophage re
cruitment but may impair their function (34, 36,43). It is possible
that highly metastatic tumors could produce more of these
factors, an ability which may be lost during in vitro culture. Urban
and Schreiber (48) have reported that host-selected progresser
variants of the 15911-RE tumor became resistant to cytotoxic
macrophages after passage in irnmunocornpetent hosts. Such
data would indicate that macrophages may have a surveillance
function in vitro, but other factors, both host and tumor, may
impair this function. In addition, macrophages produce and se
crete a number of biological mediators, including prostaglandins
(44) and neutral proteases (1, 39), and the environment in which
these substances are produced can influence tumor growth and
dissemination. The observation, that not all populations of intra
tumoral macrophages are naturally cytotoxic to tumor cells upon
isolation from the tumor but required activation in vitro, suggests
that the in s/fu-growing tumor may actively suppress macro
phage activation. Experiments are currently in progress to ex
amine this hypothesis.
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