
[CANCER RESEARCH 45,203-206, January 1985]

Lysis of Spontaneous Murine Breast Tumors by Human Interleukin 2-
stimulated Syngeneic T-Lymphocytes1

Vincent J. Merluzzi,2 Douglas M. Savage, Lawrence Souza, Thomas Boone, Roland Mertelsmann,
Karl Weite, and Kathleen Last-Barney

Laboratory of Immunobiology, Memorial Sloan-Kettering Institute for Cancer Research, Walker Laboratory, Rye, New York 10580 [V. J. M., D. M. S., K. L-B.]; Laboratory
of Developmental Hemopoiesis, Memorial Sloan-Kettering Cancer Center, New York, New York 10021 [R. M., K. W.]; and Amgen Laboratories,

Thousand Oaks, California 91320 [L. S., T. B.J

ABSTRACT

In vitro and in vivo cytotoxic assay systems show that primary
expiants of spontaneous mammary tumors from CD8F, mice are
susceptible to lysis by interieukin 2-stimulated, syngeneic T-

lymphocytes.

INTRODUCTION

The spontaneous murine mammary adenocarcinoma in CD8F,
mice has been described extensively (9-12). Tumor incidence in

female CDSP! mice is about 70%, with the majority of tumors
appearing at approximately 6 to 12 months of age (11). The
tumors possess both a common mammary tumor virus-associ

ated tumor antigen and individual specific transplantation anti
gens unrelated to the virus (11). Tumor-specific immunological

functions of mice bearing spontaneous tumors have been ob
served, and results indicate, as with most neoplastic diseases,
that immunological activity is optimal only when the tumor volume
is small (9-12). The success and failure of surgery, single-agent
chemotherapy, and combined modalities have been reported (9-

12).
Cytotoxic cells (natural killer cells, cytotoxic T-lymphocytes,

anomolous killer cells, and activated macrophages) have been
implicated as potential effectors for tumor cell destruction. Re
cently, Grimm ef a/. (4-6), Teh and Yu (13), Weigent ef al. (14),
and our laboratories (7) have shown that IL23-stimulated murine

spleen cells or human peripheral blood lymphocytes are capable
of lysing a variety of target cells including syngeneic, allogeneic,
and autologous tumor cells. These target cells can be either
sensitive or insensitive to classical, natural-killer effector cells (7).

We have recently characterized both the precursors and the
effector cells in the murine system as Thy 1+ T-cells, and recent
evidence seems to exclude Â¡nterferon-7as the mediator of killing
(6-8).

The experiments presented here demonstrate that human IL2,
derived from a recombinant DNA preparation and cloned in
Escherichia coli, is capable of inducing murine cytotoxic T-cells

which lyse primary expiants of mammary adenocarcinoma cells.

MATERIALS AND METHODS

Mice. Hybrid female BALB/cfC3H x DBA/8 F, (hereafter called CD8F,)
mice were obtained from Southern Animal Farms, Prattville, AL. Both
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spontaneous tumor-bearing females and young normal females were

used for experimentation. The mice were housed in quarantine cages
with filter lids. C57BL/6 mice were obtained from The Jackson Labora
tory, Bar Harbor, ME. All mice were given water and routine mouse
chow.

in Vitro Culture of Primary Tumor Expiants. Female CD8F, mice
bearing spontaneous tumors were sacrificed by cervical dislocation. The
tumor was excised asceptically, cut into small pieces, and agitated with
a magnetic stirrer in phosphate-buffered saline (without Ca2+ or Mg2*)

containing 0.025% trypsin (Grand Island Biological Co., Grand Island,
NY) and 0.05% DNase (Calbiochem, San Diego, CA) for 10 min at room
temperature. The mixture was decanted in a 50-ml test tube, and the

debris was settled 3 times on ice. The supematants were then pooled
and washed 3 times in BSS, and viability was determined by trypan blue
exclusion. The tumor cells were plated in flat-bottomed microculture
plates (Unbro No. 76-004-05) at 105 cells/well. Culture medium consisted

of RPMI-1640 supplemented with L-glutamine, 10% heat-inactivated
PCS, and antibiotics. The plates were incubated at 37Â°in 5% CCVair.

After 24 hr the culture wells were washed with BSS to remove RBC and
all nonadherent cells. The cultures were monitored daily, and confluence
was reached within 48 to 96 hr. The cells were fed with fresh medium
every other day.

IL2-stimulated Spleen Cells. Unless otherwise stated, the responder
cells were obtained from the spleens of young (4- to 16-week) female

CD8F, mice. The spleens were removed asceptically, and the cells were
teased and aspirated at 0Â°.After washing in BSS, the cells were counted
and adjusted to 5 x 106/ml in RPMI-1640 culture medium further supple
mented with 5 x 10~5 M 2-mercaptoethanol. The cells were cultured in

5- to 10-ml volumes in Coming tissue culture flasks (No. 25100) in 5%

eclair for 5 to 10 days. The concentration of IL2 was 100 units/ml.
Units of IL2 are calculated as described previously (3).

In Vitro Cytolytic Assay. Two cytolytic assay systems were used. In
the first assay, tumor monolayers (>90% confluent) were pulsed with
[3H]proline at 0.5 MÃ–/well (specific activity, 23.8 Ci/mmol; New England

Nuclear, Boston, MA) for 6 to 8 hr. After pulsing, the medium (containing
unincorporated 13H|proline) was washed out of the culture wells by rinsing

the individual wells 3 times in BSS with a multichannel pipet. Effector
cells were then added in culture medium at a 50/1 ratio unless otherwise
stated. Total number of volumes per well was 0.2 ml.

The effector/target cell mixtures were incubated at 37Â°in 5% CÃœ2-

humidified air. After 16 hr, the wells were washed in BSS by repeated
agitation using a 0.2-ml multichannel pipet. All nonviable nonadherent

target cells as well as effector cells were removed by this procedure.
This was verified by observation of each individual well using a Zeiss IM-

35 inverted microscope. Target cells alone or target cells incubated with
spleen cells (not stimulated with IL2) and target cells incubated with 24-
hr IL2-stimulated spleen cells were unaffected by the above treatments

and remained viable and adherent to the surface of the culture wells.
The cells remaining on the surface of the culture wells were then

released by incubation with 1 mw EDTA and 0.08% trypsin for 5 to 10
min at 37Â°.The cells were harvested on a PHD cell harvester (Cambridge,

MA), and the samples were counted in Biofluor (New England Nuclear)
in a Nuclear Chicago liquid scintillation counter. The percentage of
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cytotoxicity was determined by the following.

cpm (tumor alone) - cpm (tumor + effector cells)

cpm (tumor alone)
x 100

The second assay system used a 51Cr release assay based, with

modification, on the classical system described by Cerottini and Brunner
(1). Briefly, tumor monolayers in each well were labeled with 2.5 Â¿tCiof
51Cr (New England Nuclear) for 90 min. The wells were then washed 5

times with BSS. Medium alone or medium with effector cells was then
added to each culture well. Total volume per well was 0.2 ml. The plates
were then centrifugea gently to pellet the effector cells. The plates were
incubated for 5 hr at 37Â°and then centrifuged at 400 x g for 5 min. The

supernatants (0.1 ml) were then analyzed in a Nuclear Chicago gamma
counter. Spontaneous release was determined from the culture wells
containing tumor and medium alone. The percentage of cytotoxicity was
determined by the following.

Experimental release - spontaneous release

Total release - spontaneous release x 100

Total releaseable counts were determined by diluting the 51Cr-labeled

target cells in each of 4 to 8 wells in distilled water.
These assay systems were used because primary expiants of these

spontaneous tumors do not "hold" 51Cr well enough to perform the

cytotoxicity assay unless they are cultured and adherent. Therefore, we
chose to use both systems as a means of evaluating toxicity in different
independent assays. These systems have also been coupled with ex
periments in which cell counts have been evaluated.

Generation of Classical CTL. Classical CTL were generated by
culturing splenic responder cells in RPMI-1640 medium supplemented
with 10% PCS, 5 x 10~5 M 2-mercaptoethanol, and antibiotics. The

responder cells (2.5 x 106/rnl) and splenic stimulator cells (2.5 x 106/ml;

1200 R) were cultured in Coming tissue culture flasks (25 cm) upright at
37Â°in a 5% CO2/air-humidified atmosphere for 5 to 7 days. The cells

were then harvested, washed 3 times in BSS, and cultured with CD8F,
tumor target cells or LPS 51Cr-labeled spleen cell blasts (see below) for
3 to 5 hr at 37Â°in 5% CO2/air.

LPS Blasts. Spleen cells were obtained as described above, washed,
and layered over Ficoll/hypaque (density, 1.086) and centrifuged for 20
min at room temperature. The cells at the interface were then harvested,
washed 3 times in BSS, and adjusted to 106/ml with 25 ng of LPS in

RPMI-1640 culture medium in Coming flasks (25 ml, upright). The cells
were incubated for 48 hr at 37Â° in 5% CO2/air. The blasts were then
harvested, washed, and labeled (4 x 10s) with 51Cr (250 /Â¿Ci)for 90 min
at 37Â°.The 51Cr-labeled blasts were then washed 3 times in RPMI/10%

PCS and cultured with effector cells in Vee-bottomed-plates (Linbro 76-
321-05; 0.2-ml volume) for 3 to 5 hr at 37Â°.

In Vivo Neutralization Assays. An adaptation of the "Winn" neutrali

zation assay was used (16). Briefly, primary spontaneous tumor expiants
were prepared as described above and mixed with normal cultured
spleen cells or spleen cells stimulated with IL2, or were treated similarly
but without effector cells. Ratios of 25 to 50 effector cells to one target
cell (e.g., 5 x 107 effectors plus 106 targets/ml) were mixed, centrifuged
at 30 x g for 5 min, and incubated for 1 hr at 37Â°in RPMI-1640 medium

with gentle agitation after 30 min. The cell mixtures were then washed
3 times in BSS, resuspended to the original volume, and injected (0.1
ml) into young female CD8F, mice in the left hind flank. The recipient
mice were weighed and checked weekly for tumor appearance.

CY. Preliminary experiments have indicated that CY at 100 to 180
mg/kg (once, i.p.) will prolong survival time but not cure CD8Fi mice
bearing either spontaneous or primary spontaneous transplants. For this
reason, spleen cells from CY-treated mice were tested for their ability to
produce IL2-stimulated cytotoxic cells. CY (Mead/Johnson & Co., Ev-

ansville, IN) was obtained as a sterile sodium chloride preparation. The
powder was dissolved in water to a concentration of 20 mg/ml and

further diluted in 0.9% NaCI solution (saline) to 5 mg/ml. Individual mice
were weighed and given i.p. injections of CY 48 hr before removing
spleen cells for culture. There was a 40 to 75% reduction in splenic
cellularity after CY treatment. The lymphoid cells of CY-treated mice and

normal littermate controls were >80% viable as determined by trypan
blue exclusion.

Anti-Thy 1 plus Complement. Lymphoid cells harvested from flask

cultures were washed 3 times in BSS and incubated for 45 min at room
temperature with monoclonal anti-Thy 1.2 ascites (1/100) obtained from
Dr. U. Hammeriing (Sloan-Kettering Institute). Low Tox rabbit comple

ment (1/12; Cedartane Laboratories, Hornby, Ontario, Canada) was then
added for 45 min at 37Â°.The effector cells were then washed 3 times in

BSS, counted, and adjusted to the desired concentration in RPMI-1640

medium.
IL2. A recombinant DNA preparation of human IL2 cloned in E. coli

was obtained from Amgen (Thousand Oaks, CA). This IL2 preparation
reacts similarly to highly purified sources of human IL2 prepared previ
ously in our laboratories (15). Semipurified murine and rat IL2 are also
active in these systems (7), but are not as pure, nor are they available
to us in recombinant DNA cloned preparations. The use of this IL2
preparation is necessary to rule out lymphokine contamination products
present in IL2 preparations from other sources. In addition, these human
IL2 preparations provide necessary data to progress from these experi
mental animal models to clinically relevant in vitro and in vivo testing.

RESULTS

Initial experiments were designed to test the effect of normal
CD8Fi spleen cells and CDSP! spleen cells stimulated with IL2
on cytotoxic responses against primary breast tumor expiants
in vitro (Table 1). While normal spleen cells caused some low-
level cytotoxicity to the monolayers, IL2-stimulated CDSP! spleen

cells were significantly more toxic at all effector/target cell ratios.
A comparison of IL2-driven cytotoxic activity and classical CTL

activity is shown in Experiment 2 (Table 1).
The effector cells are thymus-derived T-cells as shown by their

sensitivity to anti-fl serum and complement (Table 2). This is in

agreement with the studies of Grimm ef al. (4) and previous

Table1
Effect of IL2 on the generationof cytotoxic cells to primary expiants of breast

tumor monolayers

% of cytotoxicity
Respondercells' IL2" 100/1" 50/1Â° 25/1Â°

CD8F,
CD8F,
C57BL/6 x CD8F,

2 Â±0.7a

30 Â±2.9
26 Â±1.3

5 Â±1.0
22 Â±2.0
16 Â±0.5

2 + 0.6
18 Â±1.5
14 Â±2.7

Spleencells were cultured for 7 days alone, with IL2, or with allogeneicspleen
cells (Line 3).6 Two hundred units/ml.

c Effector-target cell ratio.
" Mean Â±S.E. (51Crrelease assay).

Table 2
Effect of Thy 1 and complementon IL2-driven cytotoxic effector cells

Responder
cells"CD8F,

CD8F,
CD8F,
CD8F,Treatment

of
IL26 respondercellsNoRxc

+ NoRx
+ C'
+ 0+C'%

of cytotoxicity4
Â±0.9"

36 + 2.2
38 Â±1.7
9 + 0.3

CD8F, spleencells cultured for 5 days.
One hundred units/ml.

c No Rx, no treatment; C'. complement;0+C', anti-Thy 1.2 and complement.
" Mean Â±S.E. (CD8F, tumor target; 51Crreleaseassay).
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results obtained in our laboratories (7). Some of the ll_2-driven

precursors are resistant to therapeutic doses of CY (Table 3).
While the actual number of CY-resistant precursors has not been

evaluated, clearly enough are resistant to allow for the expansion
of cytotoxicity against the breast tumor monolayers. We are
currently developing systems to enumerate the numbers of CY-

resistant precursors in this assay system.
Table 4 shows the results of experiments designed to test the

effect of IL2-driven cytotoxic cells on breast tumor monolayers
and "normal" LPS blast targets. While both CD8F, and C57BL/

6 spleen cells displayed some lytic activity against the tumor
monolayers, the IL2-driven syngeneic and allogeneic responders

were significantly more toxic to the tumor explants (>40%) and
showed little or no activity against the LPS blast targets. Clas
sical allogeneic cytotoxic responses did react as expected in
their ability to lyse the allogeneic tumor cells and allogeneic
blasts (Table 4). This rules out the possibility that the blast cells
were incapable of being lysed.

A modification of the Winn neutralization assay (16) was also
performed (Table 5). It can be seen that IL2-driven cytotoxic
effector cells, whether derived from normal or CY-pretreated

mice, are capable of reducing tumor incidence in recipient hosts.
Neither normal spleen cells nor spleen cells derived from CY-

pretreated mice, not cultured with IL2, were capable of reducing
tumor incidence.

Table3
Effect of cyclophosphamide on IL2-driven cytotoxic precursors

% of cytotoxicity

Tabte5
In vivo neutralizationof mammarytumors by ILZ-driven cytotoxic cells

Respondercells"CD8F,

CD8F,
CD8F,-CY
CD8F,-CYIL2"+ +Experiment

1Â°12

Â±4.6e

77 Â±1.3
26 Â±4.1
77 Â±1.5Experiment

2d7

Â±0.6
38 Â±2.7ND'43

Â±1.3
a Normal CD8F, spleen cells or spleen cells from CD8F, pretreated with CY at

180 mg/kg (CDSF^CY) in Experiment 1 and 100 mg/kg in Experiment2.
h One hundred units/ml.
c [3H]T-prolineassay.
" 51Crreleaseassay.
" Mean Â±S.E.

ND, not done.

Table 4
Effect of IL2-driven cytotoxic cells on LPS blasts

Responder
cultures8Experiment

16CD8F,CD8F,

+IL20CD8F,

+C57BL/6(X-irradiated)C57BL/6C57BL/6

+IL2C57BL/6
+CD8F,(X-irradiated)Experiment

2"CD8F,CD8F,

+ IL2CD8F,

tumor3

Â±2.3C42

Â±3.214
Â±4.718

Â±4.340
Â±1.951
Â±3.52

Â±0.320
Â±0.4%

ofcytotoxicityCD8F,

blasts2

Â±1.1<1<15

Â±0.8<134

Â±1.0<13

Â±1.3C57BL

blasts<1<150

Â±1.2<1<1<1<1<1

a Normal spleen cells cultured for 7 days alone, with IL2, or with allogeneic

stimulator cells (1200 R).
6 [3H]T-prolineassay.
0 Mean Â±S.E.
10ne hundred units/ml.

Transferred cells3

Primaryexpiant6 Effector cells Tumor incidence

_++

Control+
CY+
Control-IL2+

CY-IL20/108/107/1010/100/100/10
a Effector/target cell ratio, 25/1; s.c. injection.
6 Derivedfrom a spontaneous CD8F, mammmary tumor.
c Spleen cells from normal CD8F, or CY-pretreated CD8F, (100 mg/kg, 48 hr);

7-day incubation; human IL2 at 100 units/ml.
Tumor "take" over total (56 days after tumor inoculation).

DISCUSSION

IL2-driven cytotoxic cells are unique effector cells having the
capability of lysing both natural killer-sensitive and insensitive
target cells (4-7). The effector cells, in the murine system, are
T-cells (Ref. 7, Table 2) derived from precursors that are also of
the T-cell lineage (7). These nonspecific killer cells are capable

of lysing a variety of targets, both syngeneic and allogeneic to
the effector cell (4-7). Elegant studies by Grimm et al. (4-6) have

shown that these LAK cells can lyse fresh autologous tumor
cells which are resistant to classical natural killer cells. While the
serological phenotypes of murine LAK cells and their precursors
categorize them as T-cells, human LAK-cell precursors cannot
be classified as classical T-cells (5). Further studies by Grimm ef

al. (4) have shown that IL2, when injected in vivo into mice,
inhibits mÃ©tastasesformation. Whether this response is due to
the in vivo activation of LAK cells remains to be determined.

We have analyzed the effects of IL2-driven cytotoxic cells on

primary expiants of spontaneous breast tumors derived from the
CD8F, mouse. These effector cells are thymus-derived T-cells,

resistant to CY, and capable of lysing tumor targets but not
syngeneic blast cells. Neutralization assays indicate that tumor
incidence is reduced in hosts receiving adoptive transfers of
tumor cells and IL2-driven effector cells. The effector cells can
be derived from both normal and CY-pretreated mice. Spleen

cells, not stimulated with IL2, are not capable of neutralizing the
primary tumor expiants.

Recent studies have shown that IL2 does not mediate this
lytic activity through the induction of interferon--/ (6-8). Although
it has been shown that IL2 can induce interferon-7 under certain

circumstances and mediate natural killer cell activity (8, 14). At
this point, it is not clear whether these differences are due to the
nature of the IL2 source (i.e., purified versus semipurified), the
timing in measurement of interferon-7 after culture initiation, or

the timing in measurement of lytic activity after culture initiation
(7,14). In addition, a second, undefined mediator cannot be ruled
out as a necessary component in inducing LAK cells.

The experiments presented here demonstrate that IL2 is ca
pable of inducing killer cells which lyse primary tumor expiants.
Since some of the precursors of these nonspecific killer cells are
resistant to CY, it is possible that regimens that combine thera
peutic doses of CY with adjunct IL2 therapy may be beneficial
for certain neoplastic diseases. While the serum half-life of IL2,
after i.v. injection, is <6 min (Footnote 4; Ref. 2), the fact that it

Â«51,Cr releaseassay.

4V. J. Merluzzi, D. M. Savage, L. Souza, T. Boone, R. Mertelsmann, K. Weite,
and K. Last-Barney,unpublishedobservations.
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has therapeutic activity in vivo for neoplasia (4) may allow for
combined chemotherapy-IL2 administration if precursors of IL2-
driven cytotoxic cells are not severely depleted after the cytore-

ductive therapy.
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