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death.

apoptosis

apoptosis is considered to be one of the
chanisms following exposure to irradicells from the lymphoid and myeloid

Execution of apoptosis is closely linked to the activation
of a family of proteases called caspases [36, 37]. Caspases
exist in the cell as zymogens and are activated when the cell
encounter external or internal stimuli. Radiation induced
apoptosis can activate the caspase cascade via the intrinsic
as well as the extrinsic pathway (reviewed in [38]).
Irrespectively of the route of caspase activation, any of
these two pathways will ultimately activate the effector

Utility of the Assay

• IR induces DNA damage
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Assay Endpoint
• Endpoint observed depends directly on

reproductive integrity of individual cells
• Important Parameters:
• Plating Efficiency = # of colonies formed

# of cells seeded
• Survival Fraction = # of colonies formed

# of cells seeded

X 100

/ PE

X 100

Clonogenic Survival: Principle
100 Cells Seeded
70 Colonies Formed

2000 Cells Seeded
32 Colonies Formed
Micro-Colony

Visible-Colony

Plating Efficiency:
70/100
0.7 or 70%

Survival Fraction:
(32/2000) / 0.7
0.023 or 2.3%

Colony Formation Under the Microscope
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Methods
• Actively growing cells are harvested
• Number of cells counted and appropriate

dilutions made
• Cells plated onto 6-well plates or
individual 35mm plates
• Incubate for 9-14 days. Monitor regularly
• Wash plates with PBS
• Add fixative. Leave for 2hr at room temp
• Add stain. Leave for 2h-24h depending
on stain
• Count colonies and analyze results

Summary of steps:
Faxitron X-Ray Irradiator

Incubate for 9 – 14 days

Counting Methods
• Manual visualization + Manual counting
• Manual visualization + Assisted counting
• Image print or with software
• Automated detection + Automated counting
• UVP System, Image J,

Other photo-acquisition and
thresholding software

Compiling Results
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100

65, 63, 59

62.33

0.6233
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97, 101, 98

98.67

0.7914

79.14
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400

83, 81, 81

81.67

0.3275

32.75
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65, 69, 71

68.33
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24, 27, 28
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0.0141

1.41
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12, 10, 9
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0.0021

0.21

Linear Graph of Data
Graph of Survival Fraction Versus Dose
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Cell Survival Curve
Clonogenic Cell Survival

Cell kill is the result of single
lethal hits plus accumulated
damage from 2 independent
sublethal events
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α/β describe repair kinetics
Early (α/β = 10) -> tumor, skin, GI
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β is the cell kill per Gy2 of the
quadratic component of the
survival curve.

Late (α/β = 1-3) -> brain, kidneys

Survival Curves for Mammalian cells
First in-vitro survival curve was reported in 1956

Dq: The quasi-threshold dose for a
given population that measures the
width of the shoulder

Comparing Curves
Clonogenic Cell Survival
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Summary
• Clonogenic cell survival assay is the gold

standard in radiobiology for assessing
reproductive/proliferation of cells after IR
• Assay completion in 9-14 days
• Need for optimization of seeding cell density
• Analysis of data provides important information

on cell radiosensitivity
• Useful tool for intra and inter cell line comparisons

involving radiation
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Chemosensitivity testing of human lung
MTT assay

cancer cell

lines using the
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Summary Thirty human lung cancer cell lines were tested for chemosensitivity using the semi-automated,
non-clonogenic MTT assay. The tumour cell lines came from three major categories of patients: untreated
small cell lung cancer (SCLC); SCLC relapsing on chemotherapy; and non-SCLC predominantly from
untreated patients. From these data IC50 values were derived for each drug in each cell line. While some
inter-experimental variability was observed, the rank order of chemosensitivity of each cell line within this
panel was significantly correlated between experiments. These results show that tumour cell lines derived from
untreated small cell lung cancer patients were the most chemosensitive for adriamycin, melphalan, vincristine
and VP16 compared to the other cell types. In addition, untreated SCLC was more sensitive than non-SCLC
to BCNU and cis-platin, while vincristine was the only drug to which treated SCLC was more sensitive
compared to the non-SCLC lines. In contrast, no significant differences between the lung cancer types were
observed for vinblastine. Thus, this panel of lung cancer cells exhibited a drug sensitivity profile paralleling
that observed in clinical practice. These results suggest that this lung cancer cell line panel in combination
with a relatively simple but reproducible chemosensitivity assay, such as the MTT assay, has potential for the
testing of drug combinations and evaluating new anti-cancer agents in vitro.

Human lung cancer is an excellent model for assessing
whether in vitro drug sensitivity or resistance of tumour cells
correlates with clinical sensitivity or resistance. Clinically,
approximately 85% of small cell lung cancer patients are
sensitive to chemotherapy at presentation, although their
tumours almost invariably relapse and become clinically
resistant to chemotherapy (Ihde & Bunn, 1982), with less
than 10% of patients surviving more than 2 years (Johnson
et al., 1985). In contrast, non-small cell lung cancers are
usually clinically resistant to chemotherapy at presentation
(Livingston, 1977). However, with the use of platinum based
drug combinations, such as cis-platin with VP-16, vinblastine
or vindesine, response rates of 40-60% have been reported
(Klastersky et al., 1982; Gralla et al., 1981). We asked the
question, do lung cancer cell lines in vitro have a similar
spectrum of chemosensitivity and resistance, and can differences be detected using a simple growth assay? To answer
this, we assembled a large panel of human lung cancer cell
lines, including tumour lines derived from untreated small
cell lung cancer patients, small cell lung cancer lines established at the time patients' tumours had relapsed after
chemotherapy and thus were clinically defined as drugresistant, and a panel of cell lines derived from patients with
non-small cell lung cancer. We began by testing single drugs
that have been used widely in the chemotherapy of lung
cancer including: adriamycin, cis-platin, vinblastine, vincristine and VP-16. In addition, although CCNU is the most
widely used nitrosourea in lung cancer, BCNU was used in
this study as less problems were encountered with solubility.
Melphalan was used as an alkylating agent, as this drug does
not require metabolic activation in contrast to the more
commonly used cytotoxin cyclophosphamide (Friedman et
al., 1979). Chemosensitivity experiments were performed
using reduction of a tetrazolium salt (MTT) as the assessible
end-point (Black & Speer, 1954; Kondo & Ohkubo, 1967).
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This particular assay has been semi-automated by Mossman,
(1983), and further modified by us (Carmichael et al., 1987a)
to allow better solubilization of the formazan product for
absorbance measurements. The MTT assay, as described,
uses microtitre plates and scanning plate readers that measure absorbance values in individual wells, allowing replicate
testing of several drugs at multiple concentrations on many
tumour cell lines. In tests of chemosensitivity (Carmichael et
al., 1987a) and radiosensitivity (Carmichael et al., 1987b) on
drug sensitive and resistant Chinese hamster cells and 2
human lung cancer cell lines, we found that the MTT assay
gave response curves that were highly correlated with both
clonogenic (Hill, 1983; Hamburger & Salmon, 1977) and dye
exclusion assays (Weisenthal et al., 1983) grown in parallel
(Carmichael et al., 1987a). For any given tumour cell line the
optical density of the solubilized formazan product obtained
after incubating tumour cells with MTT is directly proportional, over a large range, to the number of cells per well
(Carmichael et al., 1987a), making the assay directly comparable with assays counting the total number of cells in the
culture before and after a treatment. This assay also has the
advantage that it can be used on virtually all human lung
cancer cell lines, including those difficult to assay using
clonogenicity as the end-point because of low cloning efficiencies, and/or difficulty in preparing viable single cell
suspensions (Bertoncello et al., 1982; Selby et al., 1983).
Finally, the Division of Cancer Treatment, National Cancer
Institute, USA, is currently evaluating this assay using panels
of human tumour cell lines to screen for new drugs. Our
data give a positive answer to the question about correlation
of in vitro chemosensitivity and resistance of human lung
cancer cells and in doing so provide a basis for the use of
panels of human tumour cell lines to screen for new drugs.
Materials and methods

Cell lines
Exponentially growing cultures were maintained in a humidified atmosphere of 7% CO2/93% air at 37° C. Apart from 2
cell lines, all were established at the NCI-Navy Medical
Oncology Branch. These cell lines had been established over
a 10 year period, all cell lines having been in culture for a
minimum of 6 months. Passage number at the time of

