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Purified mouse mammary tumor and lymphoid cells in immune assays
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Summary. Tumor and lymphoid cell components from primary
mammary adenocarcinomas of C3H/He mice were isolated
simultaneously by velocity gradients. Viable tumor cells were
obtained in sufficient numbers to test their in vivo and in vitro
growth. lIsolated tumor cells grew in 97% of inoculated
syngeneic animals. In six assays with different tumors the effects
of tumor-associated lymphoid cells (TAL) on in vivo tumor
growth varied, enhancing in three and delaying in two
experiments. Isolated tumor cells from animals with enhancing
TAL grew faster in nonirradiated mice, whereas tumor cells
from animals with inhibitory TAL grew better in irradiated
animals. Isolated tumor cells also proliferated in cell culture,
where they averaged 35% primary plating efficiency. Separated
tumor cells were used in short-term *!Cr-release assays with
TAL, tumor-bearer lymph node and spleen effectors. Cytotox-
icity was detected in only five of 25 assays. In no case was there
killing by lymphocyte populations from normal animals. In the
present report we describe a technique for the isolation of viable
tumor and lymphoid cells from murine adenocarcinomas that
allows study of interactions between these populations from the
original tumor-bearing host.

Introduction

Interest in the functional capability of lymphoid cells associ-
ated with neoplasms is a recent development in tumor
immunology (for reviews see [10, 12]). Although TAL have
been found to affect tumor growth in animal models, few
experiments have used freshly separated tumor cells as targets.
It has been shown that human tumor cells are sensitive to
natural lymphocyte-mediated cytotoxicity only a few days after
explantation, whereas they have little sensitivity when tested
directly [11]. Tumor cell lines carried in vitro are lysed more
readily in cytotoxic assays than are the same cells passaged in
vivo [9]. It is important, then, to test the function of TAL on
freshly isolated target cells before reaching general conclusions
about their activity. In previous experiments [1] with strain
BALB/cfC;H spontaneous mammary tumors, lymphocytes
were separated by isokinetic gradients [15]; this procedure
yielded populations highly enriched in lymphoid cells but with
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insufficient numbers of freshly isolated tumor cells for
experiments. In these earlier studies tumor cells were grown in
culture for 7 days and then used as target cells. TAL had a
stimulatory effect on tumor cell growth in vitro [3] and in vivo
[4]. We report here a procedure by which cell suspensions from
spontaneous C3H murine mammary tumors were separated to
yield fractions enriched in tumor cells and fractions enriched in
Iymphoid cells. Isolated tumor cells grew well both in vivo and
in vitro and were usable as targets in assays of cell-mediated
cytoxity.

Materials and methods

Tumors. The tumors in this study arose spontaneously in
female C3H/He mice. For evaluation of the in vivo growth
potential of the separated cells, 1 X 10° viable tumor cells were
injected SC into 2- to 4-month-old syngeneic mice. Viability
was assessed by trypan blue exclusion. Some mice were
irradiated (400 R) 1 h before tumor cell inoculation.

Lymph node and spleen cells. Lymph nodes and spleens were
teased with needles to obtain suspensions. Erythrocytes were
eliminated from the spleen suspensions by hypotonic lysis. The
cells were washed twice in medium, counted, and adjusted to
the appropriate concentration.

Separation of tumor and lymphoid cells. Tumor specimens
passed through stainless steel mesh were mixed with
serum-free medium containing collagenase (3 mg/ml) and
DNAse (0.2 mg/ml). The suspensions were stirred with a
magnet for 60 min and then washed once with medium.
Approximately 5 x 107 cells in 10 ml medium were layered
over FCS velocity gradients and sedimented for 1 h at room
temperature (see Table 1, step 1). The cells in the sediment
and the cells in the interphase were collected separately. The
cells in the sediment were centrifuged, resuspended in fresh
medium and resedimented on a second FCS gradient (step
2B). The cells were collected and checked for viability with
trypan blue, and their composition was determined after
exposure to Turk’s solution, which stains nuclei of cells. A
more thorough characterization of the cell morphologies was
carried out later on May-Grunwald-Giemsa-stained smears.
The cells at the interphase of step 1 were washed, resuspended
in fresh medium, and layered over a second FCS gradient (step
2A). The cells at the interphase were collected, washed, and
layered over 20 ml Ficoll-Isopaque (density 1.077) to a
maximum of 50 X 10° (step 3). The tubes were centrifuged at



175

Table 1. Protocol of cell separation for tumor no. 6 {weight 1.5 g, yield 1.7 x 107 viable tumor cells; 3.1 x 10% lymphoid cells)

Nucleated cells % Com-  Step 1 Step 2ZA Step 2B Step 3 Step 4
position
of the sus- FCS velocity gradient FCS velocity gradient FCS velocity gradient FI density Ad-
pensions gradient herence
on
Sedi- FCS Inter- Sedi- FCS Inter- Sedi- FCS Inter- Pellet Inter- plastic
ment phase  ment phase  ment phase phase
Viable tumor 25 83 80 8 85 90 5 93 72 10 3 8 3
cells
Lymphoid cells 3 1 1 7 2 1 9 1 3 4 0 89 97
Macrophages 2 12 3 2 5 3 1 1 5 6 0 3 0
Other nontumor 5 2 14 2 5 4 1 1 5 10 0 0 0
cells
Pooled To To Discarded To To experiment  Dis- Dis- To To experi-
step 2B step step 3 card- card- step 4 ment
2A ed ed

800 g for 20 min. Cells were recovered from the interphase,
suspended in fresh RPMI-1640 with 20% FCS, filtered through
20 pm Nytex to remove aggregates, and placed in large tissue
culture flasks for adherence at 37° C for 18 h (step 4). The
lymphocyte fractions were assessed for composition and
viability after staining with Turk’s solution and trypan
blue.

Autologous Iymphocytotoxicity (ALC)-test. Target cells (10°)
were labeled in 0.5 ml RPMI + 10% FCS by addition of 100
uCi sodium >'Cr-chromate, specific activity 100—350 uCi/ug
(Radiochemical Centre, Amersham). Following incubation for
2 h at 37° C they were washed four times and resuspended in
RPMI + 10% FCS. The target cells (5 X 10%well) were
dispensed into wells of round-bottom microplates and lym-
phocytes were added to give an effector-to-target ratio of
50 : 1. The final volume in each well was 0.2 ml. All tests were
performed in triplicate. Following 4 h incubation at 37° C, 0.1
of the supernate was collected and the radioactivity in
supernatant and remaining pellet was counted [17]. Sponta-
neous 'Cr release was measured in samples of target cells
incubated in medium and maximum 'Cr release was deter-
mined by lysis of the cells with Triton X-100.

Percentage 3ICr release from each tube was calculated
from the formula:

2 X Counts in supernate

X .
Total counts in supernate and pellet 100

51
% ~ Cr release =

Cytotoxicity was derived from the formula:
% Cytotoxicity =
% Release in test — Spontaneous release

- x 100.
Maximum release — Spontaneous release

Tests in which the spontaneous release exceeded 25%
were discarded. Results were evaluated with reference to
control lymphocytes by the Mann-Whitney U-test.

Results
Separation of cells

Primary C3H mammary tumors 8—12 mm in diameter were
selected for study; smaller tumors had insufficient numbers of
cells and larger tumors were usually necrotic. Histologically,
TAL were seen at the periphery and rarely infiltrated the

tumor mass. The percentage of TAL in the unprocessed
suspension varied from tumor to tumor, ranging between 0.5%
and 5% of the nucleated cells.

In the separation process (Fig. 1) tumor cell suspensions
were layered over FCS gradients (step 1). TAL were purified
from the cells collected at the interphase by applying to a
second FCS gradient (step 2A); contaminating erythrocytes
were removed on a Ficoll-Isopaque density gradient (step 3),
and for some studies the remaining tumor cells were eliminated
by adherence (step 4). Viable tumor cells were recovered in the
sediment of the first FCS gradient and further purified on a
second FCS gradient (step 2B). Many tumor cells, damaged in
the process of preparing the cell suspension, were not
recoverable. Separated tumor cells from step 2B were then
used in experiments. The cellular composition of the fractions
is exemplified in Table 1. Cell recoveries varied among the
different experiments, ranges being 20%—50% of the tumor
and 60%—80% of the lymphoid cells estimated in the initial
suspension. TAL suspensions that contained more than 4%
tumor cells were not used. Large cells with large nuclei were
considered to be possible tumor cells for this evaluation.

Tumor cell suspension from step 2B were filtered through
Nytex to remove aggregates and seeded into microplates at
three concentrations. Fifteen different primary tumors were
processed, and cells from them had an average primary plating
efficiency of 35% (range 5%—55%). After 48 h the cells in the
plates were epithelial in appearance, with large nuclei and
prominent nucleoli (Fig. 2). These cultures were used in
growth inhibition assays [1].

In vivo growth of isolated tumor cells

Separated tumor cells were tested for SC growth in syngeneic
mice. The gradients were performed in duplicate (step 1): from
half the gradients only the sedimenting tumor cells (pellet step
2B) were collected, whereas from the remaining gradients both
TAL (interface step 3) and tumor cells were collected. Tumor
cell suspensions were immediately inoculated into syngeneic
mice both with and without TAL (2 X 10° lymphoid cells).
Isolated cells from all the separated tumors grew. In a series of
six experiments with different primary tumors the effects of
TAL on the in vivo growth rate varied with the tumor tested.
In three experiments the presence of TAL enhanced and in two
experiments TAL delayed the growth of cells. In one
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Fig. 1. Separation of tumor and lymphoid cells. Tumor cell suspensions
were layered over FCS gradients. Sedimenting cells were collected,
resuspended, and applied to a second FCS gradient (step 2B); this
sediment was collected and used in experiments. Lymphoid cells were
collected in the interphase of the first gradient, resuspended and
applied to a second FCS gradient (step 2A); cells at the interphase of
this second gradient were collected, resuspended, and layered over a
Ficoll-Isopaque gradient (step 3); cells at the interphase were collected
and resuspended in tissue culture flasks for 18 h; TAL were collected
as unattached cells from the flasks and used in experiments

experiment there was no difference between the growth of the
tumor suspensions with or without TAL. Results of two
representative experiments with TAL from two different
primary tumors that had opposite effects are presented in
Table 2. The TAL suspensions used for this study contained
some tumor cells (range 3% —10%). The percent tumor cell
contamination did not correlate with in vivo tumor
growth.

In vivo growth of isolated tumor cells in irradiated mice

Doses of 1 X 10° tumor cells were implanted SC into irradiated
and/or normal mice. Some tumors grew faster in irradiated
mice, Whereas others grew faster in normal mice. These results
resembled the findings for tumor cell growth with and without
TAL discussed above. In Table 2 results of tumor growth in
irradiated mice are presented along with the data on TAL

Table 2. In vivo growth of isolated tumor cells

TAL Irradi- Tumor  Latent Growth
added®*  ated inci- period®  rate®
recip- dence®
ients?
Tumor A - + 3/4 233 18 £ 2%
+ + 3/3 211 27 + 2%
- - 5/5 22%3 43+x1
Tumor B - + 5/5 20+ 2 32 & 2%
+ + 5/5 36+1 20+ 1* -
- - 1/5 35+1 943

2 2 % 10° TAL added to 1 % 10° tumor cells

400 R was given 1 h prior to tumor injection

Tumor incidence is expressed as number of animals in which tumor
grew/total no. of animals that received injections of tumor cells
4 The mean latent period £+ SE

¢ Mean slope and SE for growth (mm*day)

P < 0.01 (Mann-Whitney nonparametric test)

o

e
Fig. 2. C3H mammary tumor cells. May-Grunwald-Giemsa stain of separated mammary tumor cells in primary culture. 350%



Table 3. 5!Cr release assay with isolated tumor cell targets

Tumor % Specific S!Cr release with effectors® from
Tumor bearer Control
TAL LN S LN S
1 2 3 7 0 3
2 0 25+ 4 2 4
3 - 7 10 3 3
4 - 16* 5 4 1
5 - 9 12 0 3
6 - 28* 0 4 2
7 21* 1 3 1 2
8 - 9 0 3 0
9 10* 0 0 0 3
10 5 9 6 2 0

1

2 50:1 effector-target ratio
* P <0.05 compared with control cells

effects. Lymphoid cells augmented the growth of tumor A: this
tumor grew faster in nonirradiated mice and the addition of
TAL to the inoculum enhanced the growth rate. In contrast,
lymphoid cells inhibited the growth of tumor B: these cells
grew better in irradiated animals and the admixture of TAL to
the inoculum reduced the growth rate.

Isolated tumor cells as cytotoxic targets assayed
by *ICr release

SICr release values from 10 experiments with different tumors
exposed to various lymphoid cell population are summarized in
Table 3. Although assays were conducted at effector-to-target
ratios of both 50 : 1 and 20 : 1, little activity was observed with
the latter, so only the results with the higher ratio are shown.
Tumor-bearer lymph node cells (LN) were cytotoxic in three of
the 10 separate experiments (tumors 2, 4, and 6). Spleen (S)
cells from these animals were not cytotoxic. TAL were
obtained in sufficient numbers for testing in five of the 10
experiments, and in two experiments they were cytotoxic
(tumors 7 and 9). In one experiment the animal had two
primary tumors (tumors 1 and 2). These were tested
separately. The autologous LN were reactive against only one
of these tumors, while neither the spleen cells nor the TAL
were reactive. Initially TAL were used following step 3. Little
antitumor reactivity was observed. The possibility existed,
however, that the contaminating tumor cells might compete for
lymphoid cell activity and reduce the level of detectable
cytotoxicity. Therefore, we chose to use the more highly
purified lymphoid cells without contaminating tumor cells. In
this way, adherent lymphoid cells were eliminated from the
TAL.

Discussion

We have separated primary strain C3H mouse mammary
tumors into populations enriched for tumor and for lymphoid
cells by velocity gradient separation. The isolated tumor cells
grew SC in syngeneic mice. The removal of TAL from a series
of different primary tumors had differing effects on the growth
of these tumors. All three possible effects on tumor growth,
i.e., enhancement, suppression, no effects, were seen follow-
ing TAL removal from different tumor cell populations.
However, with all these tumors, the influence of TAL on
tumor growth paralleled the effects on tumor growth induced
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by immunosuppression in the form of whole-body irradiation
of recipients before tumor cell inoculation. This suggests that
in situ immunity as measured by the influence of TAL on
tumor growth in vivo foreshadows the character of the immune
response seen with grafts from a tumor. These data expand our
earlier studies with lymphoid cells from one murine tumor line
with which growth stimulation was observed [4]. Previous
studies have shown that the relative distribution of the
subpopulations comprising the lymphoid infiltrate was found
to vary among a series of primary tumors {2]. Furthermore,
murine mammary tumor sublines with differing biological
properties vary in the amount of infiltrate that they attract and
in the relative distribution of T lymphocyte subpopulations in
the infiltrate [16]. This variability, which is reproducible,
appears to be characteristic of the tumor rather than the host.
Our present data suggest that the nature of the TAL cell
populations correlate with tumor growth in vivo.

Separated cells were used as primary targets for cytotox-
icity recorded by >'Cr release. In short-term 3'Cr release assays
lymphocyte-mediated cytotoxicity by TAL against the sepa-
rated tumor cells was seen in only two of five experiments.
There was no correlation between the effects of TAL and
lymph node or spleen cell populations in the assays. This
discrepancy among lymphoid cell populations is similar to our
earlier findings with direct enumeration assays [3] and those of
other laboratories as reviewed by Haskill [10]. In these studies,
control lymphocytes did not lyse isolated tumor cell targets.
Thus no NK effect was observed in these experiments.

Gradient separation makes it possible to carry out
experiments with fresh tumor and lymphoid cells obtained
directly from solid growths. Clearly the separation process
itself imposes selectivity on the lymphoid cells recovered.
Monocytes were essentially removed from TAL populations
that were adhered. Monocyte-like cells comprised 3% (range
2%~6%) of the lymphoid cell population (step 3) before
adherence. Unadhered lymphoid cells were used to performed
in vivo growth experiments and for the initial *!Cr-release
assays. However, this method provides the investigator with
tumor cells that are not selected by in vitro propagation for a
particular cell type. Individual neoplastic cells within tumors
are heterogeneous for several parameters such as cellular
morphology [7], immunogenicity [14], karyotype [13], and
metastatic ability {8]. For mouse mammary tumors hetero-
geneity has recently been demonstrated by sublines derived
from one tumor which vary in many features, including in vivo
and in vitro growth rates [6]. Cultured cells may not be
representative for complete tumor cell populations. This
separation procedure enables experiments to be performed to
evaluate cellular composition and immune activity with tumor
and lymphoid cells from the original host.

Acknowledgements. This investigation was supported by Grant no. 1
RO1 CA25250-05 and by Contract no. 1 CB 791441 of the National
Cancer Institute, Department of Health, Education and Welfare, and
the Swedish Cancer Society.

We thank Dr Gloria Heppner for her suggestions and Susan
Rodliff for typing the manuscript.

References

1. Blazar BA, Heppner GH (1978a) In situ lymphoid cells of mouse
mammary tumors. 1. Development and evaluation of a method for
the separation of lymphoid cells from mouse mammary tumors. J
Immunol 120: 1876



178

10.

. Blazar BA, Heppner GH (1978b) In situ lymphoid cells of mouse

mammary tumors. II. The characterization of lymphoid cells
separated from mouse mammary tumors. J Immunol
120: 1881

. Blazar BA, Miller FR, Heppner GH (1978) In situ lymphoid cells

of mouse mammary tumors. IIL In vitro stimulation of tumor cell
survival by lymphoid cells separated from mammary tumors. J
Immunol 120: 1887

. Blazar BA, Laing CA, Miller FR, Heppner GH (1980) Activity of

lymphoid cells separated from mammary tumors in blastogenesis
and Winn assays. JNCI 65: 405

. Blazar BA, Galili N, Klein E (1984) Effects of isolated tumor

lymphocytes alone and with adherent cells. Cancer Immunol
Immunother 18:179

. Dexter D, Kowalski HM, Blazar BA, Fliegel Z, Vogel R,

Heppner GH (1978) Heterogeneity of tumor cells from a single
mammary tumor. Cancer Res 38: 3174

. Dunn T (1959) Morphology of mammary tumors in mice. In:

Homburger F, Fishman NH (eds) Pathophysiology of cancer, 2nd
edn. Hoeber, New York, p 38

. Fidler 1J, Kripke ML (1977) Metastasis results from pre-existing

variant cells within malignant tumor. Science 197: 893

. Galili N, Devens B, Noor D, Becker S, Klein E (1978) Immune

responses to weakly immunogenic virally induced tumors. 1.
Overcoming low responsiveness by priming mice with a syngeneic
in vitro tumor or allogeneic cross reactive tumor. Eur J Immunol
8:17

Haskill JS, Hayry P, Radov LA (1978) Systemic and local
immunity in allograft and cancer infection. Contemp Top
Immunobiol 8:107

11.

12.

13.

14.

16.

17.

Klein E, Vanky F (1981) Natural and activated cytotoxic
lymphocytes which act on autologous and allogeneic tumor cells.
Cancer Immunol Immunother 11: 111

Klein E, Vanky F, Galili U, Vose BM, Fopp M (1980) Separation
and characteristics of tumor-infiltrating lymphocytes in man. In:
Hanna MG, Witz IP (eds) In situ expression of tumor immunity.
Contemp Top Immunobiol 10: 79

Nowell PG (1976) The clonal evolution of tumor cell populations.
Science 194:23

Prehn RT (1970) Analysis of antigenic heterogeneity with
individual 3-methylcholanthrene-induced mouse sarcomas. J Natl
Cancer Inst 45:1039

. Pretlow TG (1971) Estimation of experimental conditions that

permit cell separations by velocity sedimentation as isokinetic
gradients of Ficoll in tissue culture medium. Anal Biochem
41:248

Rios AM, Miller ¥R, Heppner GH (1983) Characterization of
tumor-associated lymphocytes in a series of mouse mammary
tumor line with differing biological properties. Cancer Immunol
Immunother 15: 83

Vose BN, Vanky F, Klein E (1977) Lymphocyte cytotoxicity
against autologous tumor biopsy cells in humans, Int J Cancer
20:512

Received May 25, 1984/Accepted August 8, 1984



