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ABSTRACT

Human nonadherent peripheral blood mononuclear cells
(PBMC) isolated from nonimmunized donors were preincubated
for 18 h in medium alone or medium containing the lymphokine
interleukin 2 and subsequently cocultured with tumor cells de
rived from malignant tumor cell lines or from fresh human tumors.
The cell suspensions were subsequently inoculated into agarose;
14 days later, new tumor colony formation was determined.
Although the different tumor cells displayed a wide range of
sensitivity to the PBMC, in each instance, the number of colonies
formed by the tumor cells exposed to the PBMC was consistently
reduced relative to that of control cells. The inhibitory effect on
the colony-forming cells was especially pronounced with PBMC
preincubated with interleukin-2 and was dependent on the ratio

of tumor cells to PBMC in the culture. This assay system
provides an alternative to the standard 51Cr release assays in

assessing the immunomodulatory effects of lymphokines and in
quantitating the cytolytic or cytostatic activity of various effector
cells against neoplastic stem cells from established cell lines and
from heterogeneous cell preparations derived from fresh human
tumors.

INTRODUCTION

The antitumor activity of the various cytolytic cells of the
immune system is routinely assayed by measuring the release
of 51Cr or other isotopes from labeled targets incubated briefly

with effector cells (18). Although these assays are technically
straightforward, they assess immune function in an artificial and
idealized situation in which the tumor targets used are cells from
established lines specifically selected for their sensitivity to a
particular cytolytic mechanism. It has been very difficult to apply
these techniques to studies involving heterogeneous cell sys
tems, such as spontaneously arising cancers (14). These tumors
contain supporting stroma, vascular endothelium, and other non-

transformed cells which can confound the interpretation of the
51Cr release data, as only a portion of the radioactivity released

may be derived from the malignant cells. In addition, within the
neoplastic population itself, a remarkable degree of heteroge
neity in growth kinetics and vulnerability to lysis by immunocom-

petent cells may exist. Natural killer cells, in particular, may have
a special affinity for rapidly proliferating tumor cells, and their
antitumor effects may be therefore grossly underestimated in
51Cr release assays in which the target cells are largely noncy-
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cling during the relatively short period of exposure to the effector
cells (22). These obvious shortcomings have motivated a search
for an alternative method of evaluating the cytotoxic activity of
immune cells directed against heterogeneous target populations.

The ability of neoplastic cells, but not nontransformed fibrc-
blasts and other stronfiai elements, to routinely form colonies in
agarose has been exploited by several investigators interested
primarily in the tumoricidal effects of chemotherapeutic agents
(2, 21, 25). In these studies, tumor cell suspensions formed
colonies in agarose in approximately 50% of the human tumor
specimens studied. The present investigation was undertaken
to determine if a similar approach might be suitable for studies
in which tumor cells are exposed to lymphocytes rather than
cytotoxic drugs. Our preliminary results with this assay system
have demonstrated the existence of a spontaneously cytotoxic,
cytostatic cell population in nonadherent human PBMC3 which

profoundly inhibits the clonogenicity of established tumor cell
lines as well as the colony-forming ability of both allogeneic and
autologous fresh tumor cell suspensions. Furthermore, the sup-

pressive influence of PBMC on tumor colony formation is mark
edly enhanced by prior exposure to the lymphokine IL-2.

MATERIALS AND METHODS

EffectorCells

PBMC were isolated from the heparinized peripheral blood of healthy
donors or patients with various neoplasms by density gradient sedimen
tation with Ficoll:sodium diatrizoate (LSM; Litton Bionetics, Bethesda,
MD) and washed twice with RPM11640 containing 10% heat-inactivated

fetal bovine serum, penicillin, and streptomycin at concentrations of 100
lU/ml and 50 ng/ml, respectively, and 2 ml glutamine (complete medium).
The cells were resuspended in medium and placed in 75-sq cm polysty
rene culture flasks (Umbro, Hampden, CT) at a density of 6 x 10s cells/
ml for 2 h at 37 Â°Cin a 5% CO2 atmosphere. The nonadherent cells

were transferred to a fresh flask and incubated for an additional 12 to
15 h at 37 Â°C.The nonadherent cells were then washed, counted, and
incubated at a density of 106/ml for 12 to 15 h in either complete medium

alone or medium supplemented with IL-2 (1 unit/ml). The cells were
washed and resuspended in fresh medium lacking IL-2 prior to their use

as effector cells in order to minimize the effects of Interferon and other
contaminating substances which might directly influence tumor growth
independently of the cytolytic cells (2).

IL-2 Preparation

The IL-2 used in these studied was prepared from the conditioned
medium of phytohemagglutinin-stimulated lymphocytes utilizing proto-

*The abbreviations used are: PBMC, peripheral blood mononuclear cells; IL-2,

interleukin 2; E:T, effectortarget; CTL, cytotoxic T-lymphocytes; NK, natural killer;
NC, natural cytotoxic; LAX, lymphokine-activated killer.
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cols previously published (17). Briefly, the 3-day conditioned medium
was centrifugad and filter sterilized to remove debris. The clarified cell-

free supernatant was then concentrated with fractional ammonium sul
fate precipitation and partially purified with Â¡onexchange chromatography
using DEAE-Sepharose and gel filtration with Ultrogel AcA54. In some

of the experiments, an ammonium sulfate precipitate of the conditioned
medium of the gibbon ape lymphoma line MLA-144 was used as a source
of lectin-free IL-2 (20). All preparations were used at a concentration of

approximately 1 unit/ml, the concentration which induces 50% maximal
[3H]thymidine incorporation in human T-lymphoblasts.

Target Cells

Cell Lines. The FCC cell line was established from a serial xenograft
of a human melanoma biopsy (10). The Mel-3 line was grown from a
human melanoma biopsy.4 Both melanoma lines were grown in complete

medium. Two cell lines derived from human colon carcinomas, COLO-2
and COLO-3 (gifts of Dr. Michael Brattain, Bristol-Baylor Laboratories,
Houston, TX, were grown in McCoy's Medium 5A containing 10% fetal

calf serum and essential and nonessential amino acids. All 4 epithelial
tumor cell lines were used as targets when they had achieved approxi
mately 70% confluence.

Spontaneous Human Tumors. The method for collection, disaggre-

gation, and culture of fresh human tumor cells has been described (11).
Briefly, spontaneously occurring human tumor specimens were obtained
during the course of routine diagnostic or therapeutic surgical proce
dures. The specimens were promptly disaggregated until a homogene
ous cell suspension was achieved. The cells were washed twice, and
the number of viable tumor cells/ml was determined by microscopic
examination of trypan blue-stained tumor cell suspensions.

Cocultivation of Effector and Target Cells

Effector and target cells were incubated together at E:T ratios which
ranged from 1:100 to 250:1 at a target cell density of 1 x 103 cells/ml
(cell lines) or 1 x 105 cells/ml (spontaneous human tumors) in complete
medium in 15-ml conical tubes (Falcon) for 15 h at 37 Â°Cin a 5% CCV

containing atmosphere. Control preparations containing only target cells
or only effector cells were handled in an identical fashion. The number
of viable cells in all tubes was determined at the end of the incubation.
The tubes were washed carefully to ensure that there was no residual
adherence of cells after incubation. The size and morphology of the
tumor cells from the established lines were clearly distinct from those of
the PBMC, permitting easy identification of neoplastic cells. Tumor cell
losses due to adherence to the walls of the conical tubes were negligible.

Plating in Agarose

After 15 h of cocultivation, the cells were washed and suspended in
0.3% agarose (Difco) at tumor cell densities ranging from 103 to 104
cells/ml for cell lines and 5 x 10* to 5 x 106 cells/ml for fresh tumor cell

suspensions. The plates were examined under an inverted microscope
immediately after plating to assess the adequacy of the cell suspension
and then incubated at 37 Â°C in an atmosphere of 5% C02. Tumor

colonies, defined as new, round aggregates of at least 50 cells in the
case of cell lines or 30 cells in the case of spontaneous human tumors,
were counted using an inverted-field microscope 10 to 14 days after

plating.

RESULTS

Cell Lines. The cytostatic, cytolytic effect of nonadherent
PBMC from nonimmunized healthy donors on tumor cell line
colony-forming cells was measured by determining the number

of colonies formed in agar after cocultivation of the tumor and

4B. Poiesz, personal communication.

effector cells. As shown in Chart 1, colony formation by each
cell line was inhibited by the PBMC, and the reduction in the
number of colonies was positively correlated wtih the E:T ratio.
The tumor cell lines differed markedly, however, in their sensitiv
ity to the effector cells and also in the degree to which preincu-
bation of the PBMC with IL-2 augmented the inhibition of colony

formation. As shown in Chart 1A, the colon carcinoma cell line,
COLO-2, showed marked sensitivity to the PBMC with 54%

inhibition of colony formation at an E:T ratio of 10:1 and 90%
inhibition at an E:T ratio of 100:1, respectively. COLO-3, another
human colon carcinoma line, was relatively insensitive to un-
stimulated PBMC but was markedly inhibited by IL-2-treated
effectors (Chart 1B). The human melanoma line, Mel-3, was less

sensitive to the effector cells with only 29% inhibition at the very
high E:T ratio of 250:1 (Chart 10). However, despite the relative
resistance of the Mel-3 cells to unprimed PBMC, the number of
colonies formed by Mel-3 clonogenic cells was markedly reduced
by exposure of the tumor cells to IL-2-activated effector cells. In

contrast, the inhibition of FCC melanoma colony formation by
PBMC was only slightly enhanced by preincubation of the effec
tors with IL-2 (Chart 1C).

Human Tumor Specimens. Cell suspensions from 5 human
tumor specimens formed a sufficient number of colonies in
agarose for evaluation. Three specimens (one neuroblastoma, 2
colon carcinomas) were cocultured with PBMC prepared from
the peripheral blood of healthy volunteers (allogeneic PBM). As
was the case with established permanent cell lines, these tumor
cell suspensions showed inhibition of colony formation which
was proportional to the E:T ratio (Chart 2).

Two specimens (breast cancer, melanoma) were (Â»cultivated
with PBMC harvested from the patient from whom the tumor
specimen was obtained. These autologous effectors also inhib
ited colony formation, and the inhibition was proportioned to the
E:T ratio and was increased by IL-2 stimulation of the effectors

(Chart 3).

DISCUSSION

The assessment of cellular immunity against autologous tumor
cells has been fraught with both technical and interpretive diffi
culties related in part to the cellular heterogeneity of most tumors
(14). Endothelial cells, supportive stroma, and inflammatory cells
inevitably contaminate the tumor cell suspensions used as tar
gets in the various assays. Furthermore, the neoplastic cells
within a given tumor may vary widely in their mitotic activity and
sensitivity to immune serveillance (22). The interpretation of
microcytotoxicity assays based upon the release of 51Cr, [3H]-
proline, or [125l]iododeoxyuridine is problematic unless care is

taken to simplify the cell suspensions used as targets, ideally by
cloning the neoplastic cells. The use of short-term cultured tumor

target cells, a compromise between fresh unfractionated tumor
cell suspensions and cloned cell lines, may introduce artifacts
related to the In vitro proprogation of the target cells. Similarly,
colony inhibition studies using anchorage-dependent growth as

an end point are tedious and occasionally subject to error due
to the growth of colonies of fibroblasts and other normal non-

transformed cells (5,14, 26).
The preceding studies were performed to determine if colony

formation in agarose could be used as an end point in assessing
the vulnerability of neoplastic cells to lysis or growth inhibition
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Chart 1. Effect of cocultivation of cells from human tumor cell lines (targets) with PBMC (effector cells). PBMC were either primed (â€¢)or unprimed (x) with IL-2 prior
to cocultivation with cells from the human tumor lines COLO-2 (colon carcinoma, A), COLO-3 (colon carcinoma, B), FCC (melanoma, C), or Mel-3 (melanoma, D). The
effect on tumor colony formation 10 to 14 days after plating in agarose is expressed as percentage of inhibition of colony formation compared to a control of tumor cells
not cocultivated with PBMC. Points, values of inhibition that are averages of 3 plates; bars, SE.

by nonadherent PBMC and to determine the ability of the lym-
phokine IL-2 to modulate the suppressive effect of lymphocytes
on tumor cell growth (17). Human tumor colony-forming assays

have been investigated previously as a tool to screen potential
chemotherapeutic agents prior to clinical trials in the hope of
predicting the efficacy of various antineoplastic drugs in individual
patients (2, 21, 25). These assays are appealing because the
contaminating fibroblast, endothelial, inflammatory, and other
nontransformed cells present in tumor specimens rarely form
colonies in an agarose matrix devoid of specific growth factors.
HistolÃ³gica!, histochemical, cytogenetic, and biochemical evi
dence exists which demonstrates that the colonies generated
are derived almost exclusively from the neoplastic population,
and therefore, a reduction in colony counts is readily interpeted
as an antineoplastic effect (3, 14). These assays specifically
measure the immune response to the proliferative, colony-form

ing fraction of cells, which may be the clinically relevant subset
of the malignant cells.

This investigation was undertaken to determine the existence
of immunocompetent PBMC capable of inhibiting tumor colony
formation in the agarose assay and to determine the effects of
the lymphokine IL-2 on the cytolytic, cytostatic effector cells. The

rigorous identification of the effector cells in the nonadherent
PBMC with monoclonal antibodies and density gradients was
not attempted in these preliminary experiments (8, 19, 24).
Indeed, the surface phenotype and other characteristics of the
cells which inhibit colony formation may vary depending on
whether established tumor cell lines or allogeneic or autologous

tumor cell suspensions are used as targets in the clonogenic
assays. The enhancement of the inhibitory effect by preincuba-
tion of the PBMC with IL-2 does not implicate any particular cell

type as the effector, as the augmenting effect of the lymphokine
has been reported for antigen-specific CTL and for several

distinct nonadherent natural cytolytic cell types including NK,
NC, and more recently LAK cells (1,4,6,7,9,13,16). The duration
of the clonogenic assays (10 to 14 days) is sufficient to permit
the induction of CTL but, given the fact that the tumor target
cells were not irradiated or treated with mitomycin C prior to the
inoculation into agarose and given the usual duration of CTL
induction, it seems highly unlikely that a cytolytic T-cell population

could have arisen de novo in time to prevent colony formation.
This analysis may not pertain to the autologous tumor cell
experiments in which circulating, activated IL-2-sensitive T-cells

may already be present in the circulation and able to suppress
the development of tumor colonies. Using standard 51Cr release

assays, Hefeneider ef al. (12) have shown that the identity of the
cytolytic cells in animals previously given IL-2 i.p. was determined

by prior exposure to tumor antigens. In the absence of such
exposure, the cytolytic activity of spleen cell suspensions against
EL-4 cells was largely eliminated by treatment of the effectors
with anti-monoasialoganglioside and complement, suggesting

that NK cells were the primary cytolytic cell. Similar experiments
with animals given infections of both IL-2 and EL-4 cells yielded
different results, in that the cytolytic cells were eliminated by
treatment with anti-Thy 1.2 and complement and were therefore

presumably CTL. Obviously, the unambiguous identification of

CANCER RESEARCH VOL. 45 APRIL 1985

1466

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2422496/cr0450041464.pdf by guest on 19 M

ay 2023



CLONOGENIC CELL-MEDIATED CYTOTOXICITY ASSAY

9080706050403020*IO//lii

x./*

CIO 0 10:1 50: l 100:1

.1

i

o

Â¡u
S

100

90

80

7O

60

50

40

30

ZO

IO

50:l IOOM

100

90

80

70

60

50

40

30

20

IO

i:IO O IO: 50:1 100:1

Effector : Torget Rotio

Chart 2. Effect of cocultivation of cells from fresh human tumor specimens
(targets) with allogeneic PBMC (effector cells). PBMC in A (neuroblastoma target
cells) were either primed (â€¢)or unpnmed (x) with IL-2 prior to cocultivation with

the tumor target cells. In B and C (both human colon carcinoma target cells), only
IL-2-primed (O) cells were used. The effect on tumor colony formation is expressed
as percentage of inhibition of colony formation compared to a control of tumor cells
not cocultivated with PBMC. Points, values of inhibition that are the mean of 3
plates.
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Charts. Effect of cocultivation of cells from fresh tumor specimens (targets)
with autologous PBMC (effector cells) which were either primed (â€¢)or unprimed
(x) with IL-2 prior to cocultivation. A. breast carcinoma cell targets; B, melanoma
cell targets. The effect on tumor colony formation at 14 days is expressed as the
percentage of inhibition of colony formation compared to a control of tumor cells
not cocultivated with PBMC. Points, values of inhibition that are averages of 3
plates and are expressed as the mean.

the effector population responsible for colony inhibition in both
the autologous and allogeneic systems will contribute to the
understanding of the cellular immune response to neoplastia
cells, and studies are currently under way in our laboratory to
address this important issue. The clonogenic assays are ideally
suited to screen the antineoplastic effects of immunoregulatory
lymphokines; which may have no direct suppressive effect on
malignant cells but which may induce tumor regression by stim
ulating NK, LAK, or other cytolytic cell populations (15,23). They
are designed to quantitate the cytolytic, cytostatic effect of
immunocompetent cells on the rapidly proliferating, clonogenic
fraction of tumor cells and to determine the effects of stimulatory
lymphokines on the antineoplastic activity of the effector cells.
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