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INTRODUCTION

Radiotherapy outcome for head and neck cancers
and uterine cervical carcinomas can be correlated
with a number of clinical factors such as clinical per-
formance status, primary site, and T and N stages.
Identification of biologic factors that are independent
of the known clinical prognostic factors might help
better predict tumor response to radiotherapy.

The rationale for measuring the in vitro sensitivity
of cells to radiation is based upon the stem cell model
for human tumors, which hypothesizes that tumor
stem cells are the target of therapy and that the in
vitro sensitivity of the stem cells reflects their in vivo
sensitivity. Fertil and Malaise' and Deacon et al* sug-
gested that intrinsic radiosensitivity of tumor cells
measured by the surviving fraction at 2 Gy (SF2)
could play a critical role in tumor response to radia-
tion treatment. It was interesting that for a given
tumor type the range of survival at 2 Gy was rela-
tively large, as is the range of tumor radiosensiti~
vities. Preliminary correlations between the SF2 and

local control in patients with head and neck cancers
treated with surgery and postoperative radiotherapy
were disappointing®. On the other hand, correlations
between SF2 values and local control in cervical car-
cinomas treated with radiation alone were extremely
encouraging®. In this study SF2 has been determined
for cells obtained from primary specimens of head
and neck cancers and cervical carcinomas taken
from patients prior to radiotherapy.

MATERIALS AND METHODS

1) Primary culture and survival assay

Biopsy and surgical specimens were obtained from
the department of pathology, where a pathologist dis-
sects normal tissue free from tumor, samples were
washed in high antibiotic medium(Dulbecco’s modi-
fied Eagle’s medium supplemented with  20mg/ml
each of gentamicin and amphotericin). And then
tumor tissue was minced with scalpel blades and di-
gested to single cells by incubating with collagenase
type V for 2 hours with constant stirring. The single
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cell suspension was centrifuged and the pellet
resuspended In Hank's balanced salt solution. The
vield of trypan blue viable cells was determined by a
hemocytometer count of trypan blue negative cell.
The cell suspension was diluted with attachment
media(culture media plus 0.6% methyl cellulose
4000) to 25000 cells/ml, and 24—well

precoated with cell adhesive matrix were inoculated

plates

with a cell inoculum titration consisting of 25000,
12500, 6250, and 3125 cells per well in the first col-
umn of four wells and 25000 cells in each of the 20
remaining wells of each plate. After 24 hours of incu-
bation, the attachment medium was aspirated, and
the cultures were washed with 1ml of phosphate buff-
ered saline and fed 1ml of growth medium. A 6cm
lead shield was made that permitted a 4 MV X —ray
source to irradiate a single column of four wells.
Rows of four wells were then irradiated, consisting of
a control set and five other sets each receiving doses
of 1, 2, 3, 4, and 6 Gy. After incubation for a total of
13 days with a medium change after 6 days, all
plates were rinsed with phosphate buffered saline,
fixed in 70 % ethanol, air dried, and then stained with
0.5% crystal violet in 20% ethanol. The integrated
optical density of the stained cells was measured over
the entire surface of each culture well with an Image
analysis system. The ratio of optical densities of irra
diated and control cultures was fitted to the linear—
quadratic model, and survival at 2 Gy was calculated

from the parameters.

2) Immunohistochemistry

To determine whether cell growth was of epithelial
origin, immunocytochemical staining with a mixture
of cytokeratin and epithelial monoclonal antibodies
was performed on cell cultures. Two week primary
cultures, grown on coverslips were stained with the
antibody cocktail.

3) Comparison of survival obtained by clonogenic
assay and image analysis system

Using fibrosarcoma cell lines(FSa I )} we obtained
survival curve by both image analysis system and
clonogenic assay. We compared SF2 values obtained
by both assays.

RESULTS

1) Culture characterization

The culture of squamous cell carcinoma of head
and neck and cervix were tested to determine wheth-
er cell growth was of epithelial origin.(Fig.1) It was
common to find heterogeneity of cytokeratin expres-
sion within a single culture. This method ruled out 16
cases of significant fibroblast contamination.
2) survival curves by clonogenic assay and image

analysis system

Fig.2 shows the survival curves of FSa T cell lines
obtained by image analysis system and clonogenic
assay. The survival fractions by clonogenic assay
were 0.61+0.11, 0.37£0.04, 0.21+0.05. 0.10 +0.03,
and 0.034 £0.002 at 1, 2, 3, 4, and 6 Gy of radiation.
The survival fractions by image analysis system were
0.60+0.09, 0.40£0.07, 0.25+0.06, 0.12+0.02, and 0.
040+0.008 at 1, 2, 3, 4, and 6 Gy of radiation.(Fig.
3) The end point of this assay correlated well with
clonogenic survival as tested so far.
3) Variation in SF2 measurements

Of 10 squamous cell carcinoma specimens with
head and neck, 8(80%) yield an evaluable results but
of 30 with cervical carcinomas only 16(53% ) yield-
edan evaluable results. The surviving fraction at
2Gy(SF2) was determined in 60%(24/40) of the
cases when the cell yield was high enough to allow
cell cultures to be set up. The mean SF2 was 0.52 + 0.
15 with a range of 0.20 to 0.79. The distribution of
the SF2 values was similar in head and neck cancers
and cervical carcinomas with a mean value of 0.56 +
0.12 and 0.50 £0.17 respectively.(Fig. 4)
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Fig.1. Immunofluorescence stain to confirm the
epithelial origin of cells grown in each cul-
ture.
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Fig.2. Cell survival curve of FSa 1 obtained by
clonogenic assay and image analysis
system.

Fig. 3. Photograph of a crystal violet stained pri-
mary culture stained 13 days after irradia-
tion. The dose is given in Gy below each

row of wells.
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Fig.4. Surviving fraction at 2 Gy for cells obtained
from tumor specimens.
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DISCUSSION

A group of solid human tumor primary cultures
was set up from a variety of tumor types for the pur-
pose of measuring survival after increasing doses of
radiation. The group of histology types included mela-
noma, squamous cell carcinoma of the lung and head
and neck, ovarian, cervical, and breast, although
other types were also represented. The percentage of
cultures successfully grew from these tumor cell sus-
pensions on the cell adhesive matrix continues to be
about 80%, as reported by Baker et al’. The failure
of a culture to grow Is usually due to one of the fol-
lowing reasons : (1) too few cells in the initial suspen-
sion ; (2) contamination of the specimen by microor-
ganisms ; (3) the culture does not grow ;or (4)the
culture overgrows. Our overall success rate of pri-
mary culture was 60% and the reason of fallure was
the overgrowth of the fibroblast cellsinstead of squa-
mous cell carcinoma cells. In this study success rate
of primary culture was higher in head and neck can-
cers than In uterine cervical carcinomas. Cell growth
condition of head and neck cancers might be opti-
mized ideally. The end point of this assay correlated
well with clonogenic survival as tested so far, but fur-
ther studies must be performed to fully characterize
exactly what Is being measured in this assay. Report-
ed mean SF2 values of other types of tumors were 0.
46 for ovarian cancer®, 0.49 for colon cancer’, 0.43
for melanoma?, 0.44 for the squamous cell carcinoma
of the head and neck, and 0.47 for cervical cancer®.
In our study, the mean SF2 value for cervical carci-
nomas was higher than that obtained by K. West
with the Courtenay assay*. The mean SKF2 value for
head and neck cancers in our study was slightly
higher than that found by Brock®. The possible expla-
nations for these discrepancies might be due to the
different cell culture methods and the small specimen

numbers of our study.

These results indicate that there is a broad range
of sensitivities to radiation in same histologic type.
The preliminary evidence reported here suggests that
it is possible to establish primary human tumor cell
cultures with high efficacy and measure their radia-
tion sensitivity. With a large patient population it
should be possible to determine whether a different
SF2 value is associated with tumors that are con-

trolled with radiotherapy than those that are not.
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