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Abstract
Purpose—Aplidin (plitidespin) is a novel cyclic depsipeptide, currently in Phase II clinical trials
for solid and hematologic malignancies. We examined the effects of oxygen on the cytotoxicity of
Aplidin and the interactions between Aplidin and radiation. These factors will be important if Aplidin
is used clinically in combination with radiotherapy.

Materials—Exponentially-growing EMT6 mouse mammary tumour cells in monolayer cultures
were treated with Aplidin and 250 kV X-rays.

Results—The cytotoxicity of Aplidin was not altered either by incubation in moderate hypoxia
before and during a 24 h drug treatment or by incubation in severe hypoxia before and during a 2 h
drug treatment. Treatment with Aplidin plus radiation produced cytotoxicities compatible with
additive or supraadditive cytotoxicities. Cells treated with 1 μM Aplidin for 24 h then killed by 100
Gy of radiation were toxic to untreated cells co-cultured with them.

Conclusions—The cytotoxicity of Aplidin is independent of the oxygenation during treatment.
Aplidin, or an active metabolite of Aplidin, is retained in the cells and later released as the radiation-
sterilised cells die, producing a Bystander effect that kills neighbouring cells. This Bystander effect
could affect the outcome of therapeutic regimens combining Aplidin and radiation.
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Introduction
Aplidin (plitidespin) is a novel cyclic depsipeptide originally isolated from the marine tunicate
Aplidium albicans (Rinehart 2000, García-Fernández et al. 2002). Aplidin has been shown to
have anti-tumour activity in a variety of human and murine tumour cell lines, murine tumours
and human tumour xenografts (Rinehart 2000, García-Fernández et al. 2002, Mitsiades et al.
2008); its mechanism of action has not been fully elucidated (Biscardi et al. 2005, Gajate and
Mollinedo 2005, González-Santiago et al. 2006, 2007, Straight et al. 2006, Suárez et al.
2006, Humeniuk et al. 2007, Moneo et al. 2007, Muñoz-Alonso et al. 2008). Aplidin is currently
in Phase II clinical trials in a variety of solid and hematologic malignancies and has been shown
to have clinical anti-tumour activity in advanced melanoma, metastatic clear cell renal
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carcinoma, peripheral T-cell lymphoma (PTCL) and multiple myeloma (Rinehart 2000,
García-Fernández et al. 2002, Mitsiades et al. 2008). The drug has recently been granted orphan
drug designation by the European Medicines Agency and the US Food and Drug
Administration for the treatment of acute lymphoblastic leukemia and multiple myeloma. The
main side-effects of Aplidin in clinical trials have been myalgia and muscle weakness as well
as transient and reversible transaminase elevations; interestingly, marrow toxicity is very mild
and has not been dose limiting (Rinehart 2000, García-Fernández et al. 2002, Mitsiades et al.
2008).

This paper presents our preliminary cell culture studies examining two aspects of the effects
of Aplidin that have not been studied previously: Its interactions with radiation and the
dependence of its cytotoxic effects on oxygen. These questions will be increasingly important
as Aplidin is used more widely in the treatment of solid tumours.

Radiation therapy is widely used in the curative and palliative treatment of solid malignancies.
At present, about 65% of all cancer patients receive radiotherapy at some point during their
treatment, alone or in combination with surgery and/or chemotherapy. Increasingly, combined
modality regimens are moving toward the use of concomitant administration of agents, rather
than separated, sequential therapies. As Aplidin enters broader use in the clinic, it is likely that
this drug will be used in patients who also receive radiation therapy. This makes it important
to examine the effects of regimens combining Aplidin with radiation, to define any interactions
between the two agents.

Hypoxia is a common feature of solid tumours in animals and in human patients (Arbeit et al.
2006, Dewhirst 2009, Rockwell et al. 2009). Tumours develop regions of severe hypoxia (with
oxygen tensions below 1 Torr) very early in their development. Primary and metastatic tumours
with diameters less than 1 mm have already developed severe hypoxia. As solid tumours grow,
they must elicit the development of vascular beds to support the malignant cells through
angiogenesis, neovascularisation, and co-option of vessels from normal tissues. However, the
vascular bed that develops during this process lacks the organisation and regulation found in
the vasculature that supports healthy normal tissues. The vessels are tortuous and irregular;
blind ends, shunting and other defects are common. The vessels also lack the musculature
needed to precisely regulate blood flow and frequently have microscopic leaks or even
macroscopic holes that permit plasma or blood to escape into the surrounding tissue. In
addition, the growing tumour may invade or compress the blood and lymphatic vessels, further
compromising their functionality. As a result, perfusion within solid tumours is abnormal and
inadequate, and tumours contain regions where temporary interruptions in blood flow through
individual vessels or persistent deficiencies in perfusion lead to transient and chronic hypoxia.
Cells in these regions are resistant to radiation and to many anti-cancer drugs. Drugs that attack
these resistant cells can be valuable in combination with radiotherapy or with the standard
anticancer drugs that are preferentially toxic to the aerobic cells. Because Aplidin has been
shown to alter the function of VEGF/VEGFR (vascular endothelial growth factor and its
receptor), alter oxidative metabolism, deplete reduced glutathione, and alter mitochondrial
function (Biscardi et al. 2005, González-Santiago et al. 2006, Humeniuk et al. 2007), there is
reason to think that its cytotoxic effects could vary with cellular oxygen levels. This could
affect its efficacy as an agent for the treatment of solid tumours. We therefore examined the
effect of oxygenation on the cytotoxicity of Aplidin.

Materials and methods
Radiation and drugs

Cell survival curves were determined using exponentially-growing monolayers irradiated with
250 kVp X-rays (15 mA, 2 mm Al equivalent filtration) produced by a Siemen's Stabilipan
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(New York, NY, USA) at a dose rate of 1.1 Gy/min. Radiation sterilised cells for the Bystander
effect study were prepared from cell suspensions irradiated with 100 Gy of gamma rays from
a Shepherd (San Fernando, CA, USA) Mark 1 137Cs irradiator at a dose rate of 12 Gy/min.
Aplidin was provided by PharmaMar USA (Cambridge, MA. USA) as a powder and was
dissolved in dimethyl sulfoximide (DMSO; JT Baker, Phillipsburg, NJ, USA) at a
concentration of 1.8 mM (2 mg/ml), then diluted in DMSO to produce the concentrations used
for experiments.

Cells
All experiments used EMT6 mouse mammary tumour cells (Subline EMT6 Rw). This cell line
has been widely used to examine the effects of radiation on cells and solid tumours and to
examine the modulation of cellular radiosensitivity by hypoxia, by chemical radiosensitisers
and radioprotectors, and by cytotoxic anti-cancer drugs (Rockwell et al. 1977, 1992, 1997,
2009). The cells have also been widely used to examine the effects of hypoxia and low pH on
the activity of anticancer drugs (Rockwell 1992, 2009). Cells were grown in Waymouth's
medium (GIBCO, Carlsbad CA, USA) supplemented with 15% serum (Fetal plex™, Gemini,
West Sacramento CA, USA) and antibiotics (GIBCO), exactly as described previously
(Rockwell 1977, 2009). Cultures in exponential growth incubated at a temperature of 37°C in
an atmosphere of 95% air/5% CO2 were used throughout these experiments unless specified
otherwise.

Measurement of cell survival
Cell survival was measured using a clonogenic assay described in detail elsewhere (Rockwell
1977, 2009). Briefly, cells were suspended after treatment, washed thoroughly, twice, to
remove residual drug and suspended using 0.5% trypsin (GIBCO). The suspended cells were
counted using a Coulter Counter and plated at known densities into Petri dishes containing the
Waymouth's medium described above; four replicate dishes were plated for each group.
Cultures were incubated for two weeks to allow individual cells to grow into macroscopic
colonies which were then fixed, stained, and counted. Untreated and vehicle-treated control
cultures were included in each experiment. In most experiments, surviving fractions were
calculated as the ratios of the plating efficiencies (PE = colonies per 100 cells plated) of treated
cultures (PEtreated) and control (PEcontrol) cultures from the same experiment. For cultures
incubated for 24 h in hypoxia or with drug, the cell numbers in the treated and control cultures
at the end of treatment were different, probably as a result of cell death and/or inhibition of
cell proliferation during treatment. In these experiments, cell survivals were corrected for the
differences in the cell numbers, and are presented as the ‘Yield Corrected Surviving
Fractions’ (Rockwell and Schulz 1984, Rockwell 2009), which were calculated as:

The Yield Corrected Surviving Fractions reflect both the lower cell numbers in the treated
cultures and the lower colony forming ability of the cells present in these cultures.

Studies of the effect of acute severe anoxia on the cytotoxicity of Aplidin
Exponentially-growing EMT6 cell cultures in sealed glass flasks were made acutely hypoxic
for 1 h at 37°C, by gassing with a humidified mixture of 95% N2, 5% CO2 containing, < 1 ppm
O2, as described previously (Rockwell et al. 1992, 2009, Donnelly et al. 2004). Aplidin was
added to the medium without compromising the hypoxia. Aerobic cultures were treated
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analogously with 95% air, 5% CO2. Two hours later, the medium was removed and the cells
were washed twice, suspended, counted, diluted, and plated for colony formation.

Studies of the effect of prolonged moderate hypoxia on Aplidin toxicity
Cultures in plastic flasks were made moderately hypoxic by incubation in a glove box incubator
(Ruskin model in vivo2 400. Bridgend, UK) that allows manipulation and incubation of cultures
at 37°C under a well-controlled atmosphere of 1% oxygen, 92% N2, and 7% CO2. Cultures
were incubated in moderate hypoxia for 2 h, then Aplidin was added to the culture medium,
working within the incubator, in hypoxia. Aerobic cultures were treated analogously in 95%
air, 5% CO2. Cells were treated with Aplidin for 24 h, then the Aplidin was removed and the
cells were washed twice, suspended, counted, diluted, and plated to assay cell survival.

Studies of Aplidin in combination with radiation
These studies used exponentially-growing cultures in plastic Petri dishes. In one set of studies,
cells were treated with 1 μM Aplidin for 2 h and were irradiated during the final minutes of
the drug treatment. In other studies, cells were incubated with 1 μM Aplidin for a total of 24
h before, during and after irradiation, with radiation delivered 20 h after the addition of Aplidin.
At the end of Aplidin treatment, the medium was removed and the cells were washed twice,
suspended, counted, diluted, and plated for colony formation. Because Aplidin was dissolved
in DMSO, which is a radioprotector, two irradiated control groups were used in these studies:
One in normal cell culture medium and the other treated with DMSO at the concentration used
to deliver Aplidin. Untreated cultures and cultures treated only with Aplidin or DMSO were
also included in each experiment.

Bystander effects of Aplidin
Exponentially-growing cultures were treated either with 1 μM Aplidin or with DMSO for 24
h. The cultures were then washed twice and the cells were suspended, counted, spun down,
and resuspended in cell culture medium at a concentration of 5 × 105 cells/ml. Both the Aplidin-
treated and DMSO-treated cell suspensions were then irradiated with 100 Gy of 137Cs gamma
rays, a dose sufficient to kill all of the cells. The radiation-sterilised cell suspensions were then
diluted and plated into Petri dishes containing 5 ml of medium in concentrations ranging from
0–5 × 105 radiation-sterilised cells per dish. A total of 24 h later, untreated EMT6 cells,
harvested from exponentially-growing cell cultures, were counted, diluted, and plated at low
densities into the dishes that contained the radiation-sterilised cells. Cultures were then
incubated for two weeks to allow the viable cells to grow into macroscopic colonies.

Results
Toxicity of Aplidin to aerobic and hypoxic cells

Short treatments (2 h) with graded doses of Aplidin were toxic to exponentially-growing EMT6
cells under normally aerated and severely hypoxic conditions (Figure 1). The survival of the
cells decreased exponentially as the concentration of Aplidin increased. The response of cells
to Aplidin under aerobic and severely hypoxic conditions was indistinguishable.

A 24 h treatment with Aplidin was more effective than the 2 h treatment under both aerobic
and moderately hypoxic conditions (1% oxygen). The clonogenicity of the cells decreased
exponentially as the dose of Aplidin increased (Figure 2). In addition, the number of cells in
the cultures at the end of the 24 h treatment was significantly lower in the Aplidin-treated
cultures; cell numbers decreased as the Aplidin dose increased (Figure 2). DMSO-treated and
hypoxia-treated groups also had lower cell numbers than the aerobic controls. Incubation in
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moderate hypoxia (1% O2) throughout treatment did not alter the effects of Aplidin, as assayed
by changes in the surviving fraction, cell yield, or yield corrected surviving fraction.

Aplidin and radiation
The effect of a 2 h concomitant treatment with 1 μM Aplidin on the radiosensitivity of EMT6
cells is shown Figure 3. The survival curve for radiation alone is similar to that reported
previously for this radioresistant cell line (Rockwell 1977,1992,Rockwell and Schulz
1984,Rockwell 1997,Rockwell et al. 2009). Cells treated with DMSO, the vehicle used to
dissolve the Aplidin, showed a slightly higher survival after high radiation doses than did cells
treated only with radiation, as would be expected because DMSO is an extremely effective
radical scavenger that acts as a radioprotector by decreasing the production of radiation-
induced DNA damage. The survival curve for cells treated with Aplidin plus radiation is not
significantly different from that of cells treated with radiation plus DMSO. Aplidin did not act
as a radiosensitiser when given on this regimen; the toxicities of radiation plus Aplidin were
strictly additive.

The effect of a 24 h treatment with 1 μM Aplidin on the radiosensitivity of EMT6 cells was
examined in the experiments shown in Figure 4. Treatment with Aplidin alone produced
marked cytotoxicity, reducing both the number of cells in the cultures at the end of treatment
and the colony forming ability of the cells that were present. Findings from these experiments
are therefore presented as Yield Corrected Surviving Fractions. The survival curve for Aplidin
plus radiation has a shape similar to that for radiation alone, but offset to lower survival;
reflecting the cytotoxicity of drug (Figure 4, left panel). When the survival curve for Aplidin
plus radiation was corrected for drug toxicity by normalising the survival curve to the
corresponding non-irradiated control group (Figure 4, right panel), the resulting curve was
similar to those for radiation alone and radiation plus DMSO at low radiation doses, but
diverged from these curves at high radiation doses. It was also noted during the analysis of
data from these experiments that the number of colonies developing in cultures treated with 1
μM Aplidin plus high doses of radiation decreased as the number of cells plated for the colony
formation assay increased. Because of this unusual finding, the surviving fractions shown on
Figure 4 were determined using the colony counts in the dishes in which relatively low cell
numbers were plated.

Bystander effects produced by Aplidin
Further experiments were performed to determine the basis for the unanticipated and unusual
finding described above. In these experiments (Figure 5), exponentially-growing cultures were
either treated with 1 μM Aplidin for 24 h or sham-treated with DMSO. The cultures were then
washed twice, and the cells were suspended, counted, spun down, and resuspended at a
concentration of 5 × 105 cells/ml and irradiated with 100 Gy, a dose sufficient to completely
abolish the ability of the cells to form colonies. These radiation-sterilised cells were plated into
Petri dishes at concentrations ranging from 5 × 103 to 5 × 105 cells per dish. Some 24 h later,
untreated EMT6 cells, harvested from exponentially-growing cell cultures, were counted,
diluted, and plated at low densities into the dishes containing the monolayers of radiation-
sterilised cell. Cultures were then incubated for two weeks to allow these viable cells to grow
into macroscopic colonies.

Radiation-sterilised, DMSO-treated cells did not alter the ability of the untreated EMT6 cells
to form colonies at any dying cell concentration examined (Figure 5). This observation is in
good agreement with the past studies performed during the optimisation of our cell culture
assays for this cell line and with the extensive data from our past radiobiology studies with
EMT6 cells (Rockwell and Schulz 1984,Rockwell 1977,1992,1997,2009,Rockwell et al. and
Grindey 1992,Donnelly et al. 2004). In marked contrast, Aplidin-pretreated, radiation-
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sterilised cells markedly inhibited the ability of the untreated EMT6 cells to form colonies.
The viability of the untreated cells decreased as the number of dying Aplidin-treated cells in
the dish increased. In addition, the colonies forming in cultures containing large numbers of
dying Aplidin-treated cells were small, irregular and contained fewer cells than the colonies
in control cultures or in cultures plated onto DMSO-treated, radiation-sterilised cells. These
findings suggest that the dying Aplidin-treated cells produced a cytotoxic ‘Bystander effect’,
which injured and killed viable cells co-cultured with them.

Discussion
The experiments reported here offer several insights into the effects of Aplidin that could be
of value in planning for the use of this drug in the treatment of solid tumours and in considering
the use of regimens combining this drug with radiotherapy.

First, neither acute severe hypoxia (< 1 ppm O2) nor chronic moderate hypoxia (1% O2) altered
the cytotoxicity of Aplidin. Thus, although Aplidin is known to alter mitochondrial function
and to result in the production of reactive oxygen species (ROS) when used to treat aerobic
cells in cell culture (Biscardi et al. 2005, González-Santiago et al. 2006, Humeniuk et al.
2007), molecular oxygen is not required for its cytotoxicity. The fact that Aplidin retained its
full activity under hypoxia is encouraging for its use against solid tumours. Solid malignancies
contain large numbers of hypoxic cells; in fact, in some malignancies, the majority of the viable
tumour cells are moderately or severely hypoxic. Hypoxic cells are resistant to radiation and
to many commonly used anti-cancer drugs (Arbeit et al. 2006, Dewhirst 2009, Rockwell et al.
2009). The fact that Aplidin was found to be as toxic to moderately and severely hypoxic cells
as to aerobic cells therefore makes this drug potentially valuable in the treatment of solid
cancers.

Cell numbers in cultures treated with Aplidin, severe hypoxia or DMSO for 2 h were similar
to those in control cultures, indicating that Aplidin did not induce rapid cell death. The lower
cell numbers in the cultures treated with Aplidin for 24 h could reflect either the inhibition of
cell proliferation by Aplidin or the death of some Aplidin-treated cells during the period of
drug treatment; the assay used cannot distinguish between these two possibilities.

Our studies provided no evidence that a 2 h exposure to 1 μM Aplidin altered the radiation
response of EMT6 cells. Experiments combining a 24 h treatment with Aplidin with radiation
are more difficult to interpret. There are several mechanisms by which anticancer drugs can
alter the response of cells to radiation. When present before irradiation, they can alter the rate
of proliferation, the cell cycle distribution, or the physiology of the cells. When present during
irradiation they can become involved in the chemical reactions that lead to the production of
the DNA damage that kills irradiated cells. When present after irradiation they can modify the
processes that lead to the repair of sublethal or potentially lethal DNA damage, which occurs
during the first few hours after irradiation. To ensure that any of these possible mechanisms
of interaction would be detected in these experiments, Aplidin was added to the cultures 20 h
before irradiation and remained on the cultures during and for 4 h after irradiation. At low
radiation doses, there were no significant differences between the survival curves for vehicle-
treated cultures and Aplidin-treated cultures when the cytotoxicity of Aplidin was considered
(Figure 4), suggesting that Aplidin and radiation have additive cytotoxicities. At high radiation
doses, the data are statistically compatible with a greater than additive effect, which could
reflect either a direct effect of Aplidin on cellular radiosensitivity or, more likely, a Bystander
effect produced by dying Aplidin-treated cells during the colony formation assay.

In the clonogenic assay, increasing numbers of cells are plated for colony formation when the
expected survival falls (a statistical necessity to ensure that adequate numbers of colonies form
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at low survivals). For control cultures, only 150 cells were plated in each dish. The surviving
fractions after treatment with Aplidin plus radiation could not be predicted with certainty before
the experiments. To ensure that either radioprotection by Aplidin or supra-additive interactions
between Aplidin and radiation could be detected after high doses of radiation, four sets of
dishes were actually plated, using 5-fold dilutions of cells, with the expectation that colony
numbers in these dishes would likewise differ by 5-fold increments and that one set of dishes
would contain optimal numbers of colonies for counting. This was not the case. Instead, the
number of colonies per plated cell decreased as the number of plated cells increased. This did
not occur in the groups receiving radiation or radiation plus DMSO.

Radiation sterilised EMT6 cells do not die immediately, or even rapidly, after irradiation. This
reflects the mode of death in the irradiated cells. Although hematopoietic cells and a few other
cell types die by apoptosis or other forms of interphase death soon after irradiation, most
irradiated cells die in abortive mitoses, several cell cycles after irradiation (Elkind and
Whitmore 1967, Chu et al. 2004). Radiation-sterilised EMT6 cells continue proliferating for
one, two or even several cell cycles, producing several progeny, all of which will eventually
die, days or weeks after irradiation. In heavily irradiated cultures, such as those in the
experiments shown on Figures 3–5, cells will continue to die throughout the incubation for
colony formation. Our data suggest that as dying cells treated previously with 1 μM Aplidin
die and lyse they release a toxic moiety that is capable of killing neighbouring, previously
uninjured cells. The complete absence of such cytotoxicity in cultures containing similar
numbers of DMSO-treated, radiation-sterilised cells (Figure 5) proves that this is not simply
a result of the presence of large numbers of dying cells or the release of some toxic product
from cells killed by radiation. Our hypothesis is that cells treated for 24 h with 1 μM Aplidin
sequester and retain Aplidin or an active metabolite of Aplidin after removal of the extracellular
drug, and that this active moiety is slowly released as the treated cells die and lyse, is taken up
by neighbouring cells, and produces toxic effects on these cells. Further studies would be
needed to test this hypothesis.

This Bystander effect is interesting and unusual. Such effects are not seen with most anti-cancer
drugs. Similar effects have been seen in two of our previous studies: Studies with high doses
of tritiated thymidine, in which the radiolabeled nucleotide was released by dying cells, taken
up by neighbouring cells and incorporated into the DNA of those Bystander cells, where it
decayed and produced cytotoxicity (Rockwell et al. 1976) and studies with gemcytabine, in
which Bystander cytotoxicity was ascribed to the release of the difluorodeoxycytodine by dying
cells and uptake of this fraudulent nucleotide by neighbouring cells, resulting in toxicity
(Rockwell and Grindey 1992). This Bystander effect of Aplidin could be useful in the treatment
of solid tumours. Because the compromised perfusion within solid tumours prevents rapid
efflux of drugs from the tumours, such an effect could result in the continued ‘slow release’
and prolonged presence of the active moiety within tumours during a course of treatment with
fractionated radiotherapy, thereby increasing the killing of the tumour cells and the efficacy
of the overall treatment.

Preclinical studies have shown the activity of Aplidin in a wide variety of human and mouse
tumour cell lines and in numerous human tumour xenografts and mouse tumour models; these
studies have supported the clinical use of this drug in cancer chemotherapy. Our findings
suggest that regimens combining Aplidin and radiation may also be of value for the treatment
of solid tumours, and encourage preclinical studies examining such regimens in animal model
systems.
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Figure 1.
Cytotoxicity of a 2 h treatment with Aplidin. Exponentially-growing cells were treated with
graded doses of Aplidin for 2 h under normal aeration (●) or severe hypoxia (○). Cell viability
was assayed using a colony formation assay. Points are means from two independent
experiments.
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Figure 2.
Effects of a 24 h treatment with Aplidin. Exponentially-growing cells were treated with Aplidin
for 24 h under normal aeration (closed symbols) or moderate hypoxia (open symbols). Cell
survival was assayed using a colony formation assay. Circles show the colony forming ability
of the cells suspended at the end of the 24 h treatment. Triangles show the relative number of
the cells present at the end of treatment, normalised to the untreated aerobic controls. The total
contribution of both factors is shown by the Yield Corrected Surviving Fractions (squares,
solid lines), calculated as described in Methods. Points are means ± SEM (Standard errors of
the means) from three independent experiments.
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Figure 3.
Cytotoxicity of radiation alone or in combination with 1 μM Aplidin for 2 h before and during
irradiation. The survival curves for radiation in combination with Aplidin or DMSO were
normalised to the surviving fraction of the unirradiated Aplidin-treated (0.20 ± 0.03) or DMSO-
treated (1.07 ± 0.08) controls. ●: Radiation only. ○: DMSO plus Radiation. ▼: Aplidin plus
Radiation. Points are means ± SEM from three independent experiments.
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Figure 4.
Cytotoxicity of radiation alone or in combination with a 24 h treatment with 1 μM Aplidin.
Cultures were assayed for cell number and clonogenicity 24 h after addition of Aplidin (4 h
after irradiation). The Left Panel shows the Yield Corrected Surviving Fraction, and therefore
compares the total cytotoxicity in the three groups. On the Right Panel, the data for irradiated
cultures have been normalised to the corresponding non-irradiated drug- or DMSO-treated
control to facilitate comparison of the effect of radiation in the three groups. ●: Radiation only.
○: DMSO plus Radiation. ▼: Aplidin plus Radiation. Points are means ± SEM from three
independent experiments. Note the difference in the scales of the Y axes in the two panels.
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Figure 5.
Effect of dying cells on the colony forming ability of untreated EMT6 cells co-cultured with
them. Untreated, exponentially-growing EMT6 cells were plated onto monolayers initiated 24
h previously with graded numbers of radiation-sterilised cells that had been pretreated for 24
h with DMSO (●) or 1 μM Aplidin (○). Cultures were assayed for colony formation 14 days
after plating. Surviving fractions were calculated relative to the PE of cells plated into dishes
containing only cell culture medium. Points are means ± SEM from three independent
experiments.
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