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Abstract

The molecular basis of tumor response to therapeutic radiation is
poorly understood. Recent evidence suggests the p53 tumor suppressor
gene may be involved in production of the !â€¢,arrest seen following DMA
damage by X-irradiation. It has further been proposed that tumor cells

lacking the p53 checkpoint function are likely to be more sensitive to cell
killing by X-irradiation because these cells enter S phase despite unre

paired DNA damage. We tested the hypothesis that tumor cells with p53
mutations are more radiosensitive by correlating the in vitro surviving
fraction at 2 Gy with the mutational status of 24 head and neck squamous
cell cancer cell lines. pS3 mutations were present in 15 of 24 (63%) of
tumors; all were homozygous changes occurring within exons 5-9. The

surviving fraction at 2 Gy for the group with mutations was 0.568 com
pared to 0.507 for tumors without mutations (P = 0.28, Mann-Whitney

test). Furthermore, no association between radiosensitivity and mutational
type, codon lot alimi, or predicted amino acid alteration was noted. Our
data do not support the hypothesis that pS3 gene alteration predisposes
tumor cells to increased cell killing via radiation.

Introduction

Radiotherapy is an important component of modern cancer treat
ment, but few studies have dealt with the molecular genetic factors
that control the inherent tumor cell radioresistance and/or sensitivity
that may influence patient outcome. In mammalian cells, exposure to
radiation is known to induce both a G, arrest and a G2 arrest (1, 2).
Recent evidence has led some investigators to propose that p53 func
tions as part of the "feedback control" pathway leading to the G, arrest

observed after exposure to DNA-damaging agents (3-7). Tumor cell

lines which either lack p53 expression or express dominant negative
mutants of the protein do not exhibit a radiation-induced G, arrest,

although they continue to arrest in G2 in response to radiation (4, 5).
This is in contrast to cells with intact p53 function which show
increased p53 expression and subsequent arrest of replicative DNA
synthesis after exposure to radiation in the 0.5^4-Gy range ( 1 Gy =

KM)rads) (5). These findings suggest that the normal p53 gene product
functions to keep cells from entering S phase while they repair dam
aged DNA. These data have led some investigators to theorize that the
efficacy of clinical radiotherapy is due, at least in part, to tumor cells
without functioning p53 being more susceptible to the lethal effects of
X-irradiation as they replicate in spite of DNA damage (6, 7).

Despite much interest in this question, little data exist on the rela
tionship between p53 gene status and tumor radiosensitivity and the
single paper published to date has been inconclusive (8). To investi
gate the possible relationship between radiosensitivity and p53 gene
status, we determined the in vitro SFv' of 24 cell lines derived from
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head and neck squamous cell cancers and correlated the results with
the p5.1 mutational status of these same cell lines as previously de
termined in our laboratory (9). We chose to use the surviving fraction
at 2 Gy as it is both an in vitro measurement of the percentage of cells
surviving after exposure to a typical daily radiation dose in clinical
practice and is a dose reported by Kasten et cil. to produce a p53-

mediated G, arrest (5, 10).

Materials and Methods

Specimen Collection/Tumor Cell Isolation. Tumor specimens were col
lected at the lime of biopsy or surgical excision and were obtained prior to any
therapy in 15 patients and at the time of disease recurrence in 9 patients.
Methods of establishment and characteri/.ation of squamous cell carcinoma
lines have been published and are briefly summarized here (11). Growth
medium consisted of Dulbecco's modification of Eagle's medium: Ham's nu

trient mixture F-12 (3:1). 20% fetal bovine serum, and hydrocortisone (0.4
fig/ml). Primary cultures were subcultured after 1-2 weeks, at which time
individual explant colonies had attained a diameter of 0.5-1.0 cm. and before

neighboring colonies had merged to make a confluent monolayer. Tumor cell
populations were disaggregated by a 15- to 30-min incubation with 0.05%
trypsin plus 0.02% EDTA at 37Â°Cand were serially passaged in l(X)-mm

dishes together with 3T3J2 feeder cells. Each passage was equivalent to about
7-10 cell generations. As reported previously (II). the tumor lines retained

unique aneuploid karyotypes and distinctive morphological characteristics in
definitely from the first passage. Normal keratinocytes (NK-2) were a gift from

Dr. Laimonis Laimins. The cells were cultured using irradiated 3T3J2 as feeder
cells. The culture medium consisted of Dulbecco's modification of Eagle's
medium:Ham's nutrient mixture F-12 (3:1), 57r fetal bovine serum. 5 jug/ml

insulin. 2 x I0~" M3.3',5'-triiodo-L-thyronine. 5 fig/ml transferrin. 1 X 10"'"
M cholera toxin. 1.8 x IO"4 M adenine. 0.4 /j.g/ml hydrocortisone. 20 ng/ml

epidermal growth factor (added the third day after plating). 100 units/ml
penicillin, and 100 fig/ml streptomycin.

Radiation Survival Experiments. X-ray experiments were performed on

exponentially growing tumor cells and survival curves were determined as
follows. Cells were maintained in culture medium at 37Â°Cin a humidified

atmosphere of 7% CO: in air. Cells were trypsinized with 0.05% trypsin plus
0.02% EDTA from stock cultures and between 500 and 4().(XX)cells were
plated in l()0-mm-diameter tissue culture dishes and allowed to enter expo

nential growth. Radiation was carried out 18 h later using a 250-kV Maxitron

operating at 26 mA at a dose rate of 1.07 Gy/min. Immediately after radiation,
the cultures were returned to the incubator. After 10-14 days, the cells were

fixed and stained with crystal violet. Only colonies of >50 cells were scored
as survivors. For cell lines HNSCC 152. HNSCC 151, HNSCC 294. HNSCC
301B. HNSCC 296A, HNSCC 166. HNSCC 257. and HNSCC 104 the SF2
was measured from the actual survival at a 2-Gy delivered dose. For the
remaining cell lines the SF: values were calculated from a least-squares linear

regression analysis of all data points lying on the exponential portion of the
curve obtained after irradiation with I. 3. 5, and 7 Gy. To account for interline
variation in plating efficiency, the surviving fraction for each experiment was
normalized to the plating efficiency for that experiment. Experimentally de
rived data points are the mean result of 3-5 experiments: some of the calcu

lated SF: values have been published previously in a preliminary report (12).
p53 Mutation Analysis. DNA for sequence studies was obtained from the

same cell passages as those used for radiation survival experiments. Exons
2-11 of the p53 gene were examined tor alterations in DNA sequence using

polymerase chain reaction amplification from genomic DNA followed by
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single strand conformation polymorphism analysis and direct DNA sequencing
of all variants as described previously (9). For single strand conformation
polymorphism analysis, exon-specific PCR primers were chosen to include
l()-2() base pairs of intron both 5' and 3' to the exon of interest. Electrophore-

sis was carried out twice tor each sample, once on a We nondenaturing
polyacrylamide gel. and once on a similar gel but with the addition of 10%
glycerol. Generation of amplified DNA for direct genomic sequencing was
accomplished using a second PCR reaction with at least one new primer
external to that used for single strand conformation polymorphism analysis.
Amplified DNA samples were combined with one of several different -'-P-

end-labeled primers internal to the amplified fragment, and both the coding and

noncoding strands were examined. All mutations were confirmed by repeat
sequencing utilizing a separate PCR reaction.

Statistical Analysis. Analysis of association between p53 mutational status
and SF: results was performed by the Mann-Whitney test (13). All P values
were two-sided. Exact testing was performed with StatXact software (Cytel

Software. Cambridge. MA).

Results and Discussion

Table 1 displays the SF2 of all 24 tumors according to p53 muta
tional status. Mutations were previously identified in 15 of 24 (63%)
tumors (9). The SF2 for all 24 specimens was 0.545 Â±0.14 (SD); the
corresponding value for a normal keratinocyte line (NK-2) established

in our laboratory is 0.424. These SF2 results are within the range of
values determined by other investigators for HNSCC: more radiation-

sensitive cell lines have lower SF2 values and more resistant lines
have higher SF2 values (14, 15). In the present study, the SF2 values
for tumors with p53 mutations range from 0.350 to 0.804 and from
0.268 to 0.733 for tumors without p53 mutations; median values were
0.568 versus 0.507. respectively (P = 0.28, Mann-Whitney test) (Ta

ble 1: Fig. 1). These values represent a trend away from the hypoth
esized expected result of increased sensitivity in the presence of a p53
mutation (4, 6, 7). Although this study was limited to 24 cell lines, no
number of additional samples examined would be adequate to obtain
the expected (i.e.. positive) result if this trend continues.

Table 1 also presents the SF2 of tumors with a mutated p53 accord
ing to the mutation location, the mutation type and the predicted
amino acid substitution. The mutations detected span codons 126 to
307, corresponding to exons 5 through 9 of the gene. Five mutations
were transitions, 6 were transversions, and four were small deletions.
All deletions and one of the transversions would be expected to

.8-

SF, .6 -

.4-

yÂ»Â«

p53 mutation
Fig. 1. SF; for those HNSCC without (no) versus with (yes) p53 mutations: P = 0.28.

Mann-Whilney test.

produce premature stop codons. The remaining alterations were amino
acid substitutions. No apparent association of radiosensitivity was
noted when compared to mutation location, type of mutation, or
expected amino acid alteration.

To our knowledge, only one other study has been published which
examined the relationship of p53 to radiosensitivity (8). This work, by
Jung et ai, was limited to six cell lines (all established in our labo
ratory), four of which we also analyzed for the present report. Of these
four cell lines om p53 sequence analysis differs for two. SQ 20B and
SCC 35. Although reported by Jung to be wild-type, we find SQ 20B
to have a heterozygous splice site mutation just 5' to exon 5. For SCC

35. direct sequencing of exon 8 discloses it to be wild type in the area
reported by Jung el al. to harbor a mutation. We agree with their
findings of a Gâ€”Â»Ttransversion at codon 298 in line JSQ-3 but point
out that the codon 72 "mutation" they describe was actually the first

reported polymorphism in the p53 gene (16).
The emerging picture of p53 gene function suggests that it plays a

central role in cell cycle regulation, probably by specifically inhibiting
cells from entering S phase prior to repair of DNA damage (4, 5).
Entry into S phase in the face of damaged DNA has been suggested to

Table 1 Summary of in vitro cell SF? ana p5J mutation status for 24 sauamous cell head and neck carcinomas

p53 status

TumorSQ20BHNSCC

135JSQ
13HNSCC
152HNSCC
29HNSCC
131SCC
151SCC
25HNSCC
42HNSCC
294HNSCC

30IBHNSCC
296ASQ9GJSQ

3HNSCC
80SQ31HNSCC

28SCC
35HNSCC
166HNSCC
257HNSCC
104HNSCC
143HNSCC
58SCC

61SF,0.5690.6580.5560.5370.8040.5610.5450.3590.7330.5630.4460.5660.3500.6740.6010.5090.3910.4690.6480.7330.4140.7270.4000.268MutationYesYetYesYesYesYesYesYesYesYesYesYesYesYdYesND"NDNDNDNI)NDNDNDNDCodonJust

before126132176203205205205209245246248249271298307Sequence

changeG^AA^GG^T1

base pairdeletionT^GA-Â»CA-Â»G2

base pairdeletionG-AA-TC-.TG^T1

base pairdeletionG^T16

base pair deletionResultsAltered

exon 5 splice acceptorsiteLysâ€”
Â»ArgCys^PheFrame

shiftTyrâ€”
Â»AspTyrâ€”
Â»SerTyr-Â»
LysFrame
shiftGlyâ€”
Â»AspMetâ€”
Â»LeuArg-Â»
TyrArg-Â»TyrFrame

shiftGly-Â»StopFrame

shift

' ND. none detected.
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lead to (ÃÃ)increased uneuploidy and (b) increased killing by DNA
damaging agents (5-7). We chose to examine the latter hypothesis by

attempting to determine it a relationship existed between the in vitro
radiosensitivity (as determined by the SF:) and the mutational status
of the Â¡>53gene in 24 squamous cell head and neck cancer cell lines.
The surviving fraction at 2 Gy was chosen because it represents a
clinically relevant radiotherapeutic dose as well as being a dose pre
viously shown to cause a /)5.?-mediated G, arrest (5). In the current

study, no increased cell killing was noted to occur following radiation
in the tumor cell lines with a mutated p53 when compared to the
tumors where p53 sequence changes were not detected (Table I : Fig.
1).

Inactivation of p53 protein function can occur via routes other than
mutation, including complex formation with the product of the
MDM-2 gene locus or the E6 protein of oncogenic HPV subtypes
( 17-19). To our knowledge, the published examples of MDM-2-me-

diated p53 abrogation have been limited to sarcomas (18). Involve
ment of this gene in head and neck cancer is under investigation in our
laboratory and no examples of amplification have been detected to
date.4 We have previously demonstrated oncogenic HPVs to be

present in an integrated form in some head and neck tumors which
lack p53 mutations (9). Only one cell line in the present report.
HNSCC 166. had oncogenic HPV detected (9). This tumor harbored
HPV 18 and did not have a mutated p53: the SF: was 0.648 (Table 1).
If this tumor is analyzed along with the p53 mutation-containing

group, the SF; for the group without intact p53 function would be
0.573 compared to 0.489 for those tumors without gene mutation/HPV
infection (P = 0.15, Mann-Whitney test). Our observation of a trend

toward increased radioresistance in human epithelial tumor cell lines
with p53 abrogation parallels the recent finding of increased resistance
to ionizing radiation in mouse hematopoetic cell lines with p53 mu
tations (20).

In summary, the above data support the conclusion that cell killing
following irradiation is not increased by p53 mutation in head and
neck cancer cell lines, and p53 alterations may instead predispose to
increased radioresistance.
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