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= Abstract =

There are a number of reports suggesting that there may be a correlation between
the clinical response to radiotherapy in various tumors and the clonogenic survival of
cell lines derived from these tumors following exposure to 2 Gy(SF2). Authors con-
ducted this study to determine SF2 for cells in primary culture from surgical speci-
mens.

The tumor tissues with squamous cell carcinoma of uterine cervix and head and
neck were obtained. The tumor tissues were disaggregated to single cells by incu-
bating with collagenase type IV for 2 hours with constant stirring. Single cell suspen-
sions were inoculated in four 24-well plates precoated with cell adhesive matrix.
After 24 hours of incubation at 37 C, rows of four wells were then irradiated, con-
sisting of 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, the cultures were stained with crystal violet
and survival at each dose was determined by quantitative image analysis system. To
determine whether cell growth was of epithelial origin, immunocytochemical staining
with a mixture of cytokeratin and epithelial monoclonal antibodies were performed
on cell cultures.

During the period of this study, we received 5 squamous cell carcinoma specimens
of head and neck and 20 of uterine cervical carcinoma. Of these, 15 yielded enough
cells for radiosensitivity testing. This resulted an overall success rate of 60%. The
mean SF2 value for 15 tumours was 0.55+0.17 ranging from 0.20 to 0.79.

These results indicate that there is a broad range of sensitivities to radiation in
same histologic type. So with a large patient population, we plan to determine
whether a different SF2 value is associated with tumours that are controlled with
radiotherapy than those that are not.
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INTRODUCTION

Radiotherapy outcome for head and neck can-
cers and uterine cervical carcinomas can be cor-
related with a number of clinical factors such as
clinical performance status, primary site, and T
and N stages. ldentification of biologic factors
that are independent of the known clinical prog-
nostic factors might help better predict tumor
response to radiotherapy. The rationale for mea-
suring the in vitro sensitivity of cells to radiation
is based upon the stem cell model for human
tumours, 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 suggested that intrinsic radiosensitivity of
tumor cells measured by the surviving fraction at
2Gy (SF2) could play a critical role in tumor
response to radiation treatment. It was interest-
ing that for a given tumor type the range of sur-
vival at 2Gy was relatively large, as is the range
of tumor radiosensitivities. Preliminary correla-
tions between the SF2 and local control in pa-
tients 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
carcinomas treated with radiation alone were ex-
tremely encouraging®. In this study SF2 has been
determined for cells obtained from primary speci-
mens of head and neck cancers and cervical car-
cinomas taken from patients prior to radiothera-

py.

MATERIALS AND METHODS
1. Primary Culture and Survival Assay

Biopsy and surgical specimens were obtained
from the department of pathology. where a pa-
thologist dissects normal tissue free from tumor,
samples were washed in high antibiotic medium
(Dulbecco’s modified Eagle’s medium supple-
mented with 20z g/ml each of gentamicin and

amphotericin). And then tumor tissue was minc-
ed with scalpel blades and digested to single
cells by incubating with collagenase type NV for 2
hours with constant stirring. The single cell sus-
pension was centrifuged and the pellet resus-
pended in Hank's balanced salt solution. The yield
of trypan blue viable cells was determined by a
hemocytometer count of trypan blue negative
cell. The cell suspension was diluted with attach-
ment media (culture media plus 0.6% methyl cel-
lulose 4000) to 25000 cells/ml, and 24-well
plates precoated with cell adhesive matrix were
inoculated with a cell inoculum titration consist-
ing of 256000, 12500, 6250, and 3125 cells per
well in the first column of four wells and 25000
cells in each of the 20 remaining wells of each
plate. After 24 hours of incubation, the attach-
ment medium was aspirated, and the cultures
were washed with 1mi of phosphate buffered
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 6Gy.
After incubation for a total of 13days with a me-
dium change after 6 days, all plates were rinsed
with phosphate buffered saline, fixed in 70 per-
cent ethanol, air dried, and then stained with 0.5
% crystal violet in 20% ethanol. The integrated
optical density of the stained .cells was mea-
sured over the entire surface of each culture
well with an image analysis system. The ratio of
optical densities of irradiated and control cultures
was fitted to the linear-quadratic model, and sur-
vival at 2Gy was calculated from the parame-
ters.

2. Immunohistochemistry

To determine whether cell growth was of epi-
thelial 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 clono-
genic assay and image analysis system

Using fibrosarcoma cell lines(FSa 1I) we ob-
tained 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 deter-
mine whether cell growth was of epithelial ori-
gin. It was common to find heterogeneity of
Cytokeratin expression within a single culture.
This method ruled out 10 cases of significant fi-
broblast contamination.

2. Survival curves by clonogenic assay and
image analysis system

Fig. 1 shows the survival curves of FSa II cell
lines obtained by image analysis system and
clonogenic assay. The survival fractions by
clonogenic assay were 0.61+0.11, 0.37 +0.05,
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Fig. 1. Cell survival curve of FSa II obtained by
clonogenic assay and image analysis system
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Fig. 2. Surviving fraction at 2Gy for cells obtained
from tumor specimens

0.10%+0.03, and 0.034+£0.002 at 1, 2, 3, 4, and
6Gy of radiation. The end point of this assay
correlated well with clonogenic survival as test-
ed so far.

3. Variation in SF2 measurements

Of b squamous cell carcinoma specimens with
head and neck, 5 yield an evaluable results but of
20 with cervical carcinomas only 10vielded an
evaluable results. The surviving fraction at 2Gy
(SF2) was determined in 60%(15/25) of the
cases when the cell yield was high enough to
allow cell cultures to be set up. The mean SF2
was 0.65£0.17 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 0.59 and 0.53 respectively.
(Fig. 2)

DISCUSSION

A group of solid human tumor primary cultures
was set up from a variety of tumor types for the
purpose of measuring survival after increasing
doses of radiation. The éroup of histology types
included melanoma, squamous cell carcinoma of
the lung and head and neck, ovarian, cervical,
and breast, although other types were also rep-
resented. The percentage of cultures successfui-
ly grew from these tumor cell suspensions on
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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
following reasons: (1) too few cells in the initial
suspension; (2) contamination of the specimen
by microorganisms; (3) the cuiture does not
grow:; or (4) the culture overgrows. Our overall
success rate of primary culture was 60% and
the reason of failure was the fibroblast cells
overgrow instead of squamous cell carcinoma
cells. In this study success rate of primary cul-
ture was higher in head and neck cancers than in
uterine cervical carcinomas. Cell growth condi-
tion of head and neck cancers might be opti-
mized ideally. The end point of this assay corre-
lated well with clonogenic survival as tested so
far, but further studies must be performed to
fully characterize exactly what is being mea-
sured in this assay. Reported mean SF2 values of
other types of tumors were 0.46 for ovarian
cancer®, 0.49 for colon cancer”, 0.43 for mela-
noma®, 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
carcinomas was higher than that obtained by K.
West with the Courtenay assay®. The mean SF2
value for head and neck cancers in our study
was slightly higher than that found by Brock®. A
possible explanations for these discrepancies
might be due to the different cell culture meth-
ods and the small specimen numbers of our
study.

These results indicate that there is a broad
range of sensitivities to radiation in same histo-
logic type. The preliminary evidence reported
here suggests that it is possible to establish pri-
mary human tumor cell cultures with high effica-
cy and measure their radiation sensitivity. With a

large patient population it should be possible to
determine whether a different SF2 value is asso-
ciated with tumors that are controlled with
radiotherapy than those that are not.
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