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Abstract. The present study was aimed at establishing a
method that combines multiple factors of protein and genetic
changes that enables prediction of radiosensitivity in the head
and neck squamous cell carcinoma (HNSCC) cell lines. In
nine HNSCC cell lines, the quantity of protein expression
and the type of genetic alterations were translated into a
point system, called the Number of Negative Points. The
expression of 14 proteins involved in growth control and/or
apoptosis was quantified using a densitometric assessment of
Western blots. The blots were adjusted to actin and
standardised to normal oral keratinocytes classifying them
into four groups depending on the amount of protein
expressed (0-3 points). Mutations of the p53 gene were
classified into three groups and each mutation was given one
point. Since the cell lines each had a known intrinsic
radiosensitivity, a multivariate statistical calculation could
then be performed to select for the combination of factors
having the strongest correlation to radiosensitivity. The
strongest correlation of the investigated factors was the
combination of epidermal growth factor receptor, survivin
and splice site/missense p53 mutations (R=0.990 and
P<0.0001). No single factor had a significant correlation to
the intrinsic radiosensitivity. Since a significant correlation to
the intrinsic radiosensitivity was achieved only when two or
more factors were combined, we conclude that a method such
as the Number of Negative Points is necessary for prediction
of treatment response. We present a novel method to
combine factors which enables the prediction of radiosensitivity of HNSCC cell lines.
Introduction
The primary mode of treatment in locally advanced squamous
cell carcinoma of the head and neck (HNSCC) involves a
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combination of radiotherapy and surgery or definitive chemoirradiation. Radioresistance and local carcinoma recurrences
are significant problems during and after radiotherapy. Visual
inspection and palpation are still the most common methods
used to detect oral and oropharyngeal squamous cell
carcinomas. Histological tumor grade is often of limited
prognostic value, and no clear correlation has been found
between grade, tumor size and radiosensitivity (1). Therefore
there is a paramount need for new predictive markers that can
be complementary to the conventional pathological criteria of
today. New technologies like protein and DNA microarrays
are beginning to provide a clearer picture of protein and
genomic alterations associated with treatment sensitivity and
tumor progression. Lothaire et al stated that few clinical studies
have shown a correlation to prognosis (2) and therefore there
is a great need for new systems to predict treatment response.
Most cancers show alterations in multiple genes that
encode proteins involved in the regulation of growth control
and apoptosis, e.g. the tumor suppressor gene p53, members
of the Bcl-2 family and inhibitor of apoptotic proteins (IAPs).
The p53 protein takes part in radiation response and is
capable of either arresting the cell cycle or inducing apoptosis
in a dose-dependent manner (3). Deregulated expression of
proteins controlling apoptosis may suppress the apoptotic
deletion of cells that normally follows upon DNA damage.
Decreased radiosensitivity is seen in tumor cells with
functionally defective mutant p53 protein (3). The same is
observed in tumor cells with an overexpression of the antiapoptotic protein Bcl-2 as well as decreased expression of
pro-apoptotic members of the Bcl-2 family e.g., Bax, Bad,
Bak and PUMA (4,5). PUMA has two pathways to induce
apoptosis, one p53-dependent and the other p53-independent.
Yu et al have shown that PUMA enhanced the effect of both
chemotherapeutic agents and radiation therapy in lung cancer
cells (6). The epidermal growth factor receptor (EGFR) is
commonly overexpressed in human epithelial cancers and
influences cell division, migration, adhesion, differentiation
and apoptosis through a tyrosine kinase pathway. In HNSCC
its overexpression has been shown to correlate with a more
aggressive malignancy resulting in poor clinical outcome
(7,8). Moreover, Hitt et al showed that factors such as tumor
location in the oral cavity, moderate-to-high EGFR staining
and p53 expression, were independent prognostic factors of a
shorter disease-free survival (9).
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Table I. Tumor characteristics and intrinsic radiation sensitivity.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Specimen site
AUC (IR)b
Cell line
Sex
Age (years)
Primary tumor location
TNMa
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
UT-SCC-24A
M
41
Mobile tongue
T2N0M0
Tongue
2.6±0.3
UT-SCC-77
M
50
Mobile tongue
T1N0M0
Neck
2.5±0.2
UT-SCC-33
F
86
Gingiva of mandible
T2N0M0
Gingival of mandible
2.3±0.2
UT-SCC-34
M
63
Supraglottic larynx
T4N0M0
Supraglottic larynx
2.1±0.1
UT-SCC-12A
F
81
Skin of the nose
T2N0M0
Skin
2.1±0.1
UT-SCC-2
M
60
Floor of the mouth
T4N1M0
Floor of the mouth
1.8±0.2
UT-SCC-19A
M
44
Glottic larynx
T4N0M0
Larynx
1.7±0.1
UT-SCC-23
M
66
Transglottic larynx
T3N0M0
Larynx
1.6±0.1
UT-SCC-9
M
81
Glottic larynx
T2N1M0
Neck
1.4±0.1
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
aTNM

classification according to the International Union against Cancer (UICC, 1977). bRadiation sensitivity given in terms of mean
inactivation dose (AUC, area under curve). Previously reported by Pekkola-Heino et al (18) and Erjala et al (29).

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Increased expression of cyclooxygenase-2 (COX-2) has
been reported in many organ cancers, including those of the
head and neck. COX-2 is an inducible enzyme, which can be
stimulated by oncogenes and tumor promoters during tumor
development (10). Moreover, it has been shown to have a
number of cellular effects such as a reduced susceptibility to
apoptosis (11,12).
IAPs are crucial regulators of caspases, a family of cystein
proteases central for cellular degradation during apoptosis
(7,13). Survivin is a recently characterized IAP and high
expression of this protein has been associated with inhibition
of apoptosis (14). Survivin is undetectable in terminally
differentiated adult tissue but becomes notably expressed in
several common human cancers (14). Recently, Lo Muzio et al
showed that survivin expression may identify cases of oral
squamous cell carcinomas with a more aggressive and invasive
phenotype (15). Heat shock protein 70 (Hsp70), cyclin D1
and Smad4 are other proteins that have been shown to be
involved in tumorigenesis, growth inhibition and/or apoptosis
(16,17) and thus they are included in this study.
Taken together, many proteins have been shown to have
an impact on the radiosensitivity in HNSCC but it has been
difficult to find a significant correlation between expression
of a single protein and the outcome of radiotherapy. Therefore,
the present study was undertaken to evaluate the possibility
of using combinations of multiple factors to predict the
intrinsic radiosensitivity of HNSCC cell lines. Fourteen
proteins and p53 mutations were selected from the literature
because they have been shown to have impact on treatment
sensitivity. We wanted a method in which both changes in
protein expression and genetic alterations could be included
in the same system to predict radiosensitivity. Therefore the
Number of Negative Points (NNP) system was created and
for the first time we present a novel method for predicting
radiosensitivity based on results from nine HNSCC cell
lines.
Materials and methods
Cells and culture conditions. Nine recently established
HNSCC cell lines were selected for this study to represent

different parts of the in vitro radiosensitivity spectrum
(Table I). The average intrinsic radiosensitivity (IR), measured
with a 96-well clonogenic assay plate in a large panel of
HNSCC cell lines was 1.9 for head and neck cancer of all
sites (18). The cells were cultured in Dulbecco's modified
Eagle's medium, supplemented with 2 mM glutamine, 1%
non-essential amino acids, 100 IU/ml penicillin-G, 50 μg/ml
streptomycin and 10% fetal bovine serum (all from Gibco,
Paisly, UK). The cells were incubated in humidified air with
5% CO2 at 37˚C and subcultured once a week.
Normal oral human keratinocytes (NOK) were cultured as
previously described (19). Biopsies were harvested during
benign surgery in the oral cavity, mostly tonsillectomies and
contained non-keratinized squamous cell epithelium (approved
by the Linköping University ethics committee). Primary
keratinocyte cultures were derived from trypsin-digested
tissue using growth medium (Keratinocyte-SFM; Gibco,
Invitrogen Corp.) supplemented with antibiotics solution
(penicillin 100 μ/ml, streptomycin 100 μg/ml) and culture
flasks pre-coated with fibronectin and collagen. Medium
was replaced at three day intervals, and the cultures were
subcultured at about 75% confluence using 0.25% trypsin
and 0.02% EDTA. Cultures in passage 2 and 3 were used for
the analyses.
Irradition, clonogenic assay and data analysis. The cells were
grown to midlogarithmic phase and fed with fresh medium
24 h before the experiments. The 96-well plate clonogenic
assay was performed as previously described (18,20,21). In
brief, the cells were harvested with trypsin/EDTA, counted
and diluted to a stock solution. The number of cells plated
per well was adjusted according to the plating efficiency of
each cell line. After plating, the cells were allowed to attach
for 24 h before irradiation.
The cells were irradiated in 96-well culture plates with
4MeV photons generated by a linear accelator (Clinac 4/100,
Varian, USA); delivering a dose-rate of 2.0 Gy/min. After
incubating the plates for 4 weeks, the number of positive wells
was counted using a phase-contrast microscope. Wells with
colonies consisting of at least 32 cells were considered as
positive.
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Survival data as a function of radiation dose were fitted
by a linear quadric equation, and the area under curve (AUC)
was obtained by numerical integration (22). For each cell line
a minimum of three experiments was performed.
Selection of proteins. The 14 proteins selected in this study
were chosen among many potentially interesting factors
affecting radiosensitivity. Publications in the literature and
our own previous work indicate that the chosen proteins
seem to be of particular interest in correlation to radiosensitivity (23).
Western blot analysis. Cells were washed in phosphatebuffered saline (PBS) and lysed in 63 mM Tris-HCl buffer
(pH 6.8) containing 10% glycerol, 2% SDS, 5% 2-mercaptoethanol and 0.05% bromophenol blue (all from Sigma, St.
Louis, MO). The protein concentration was determined (24),
and 100 μg aliquots were separated by 15% or 4-20% SDSPAGE (Bio-Rad Laboratories, Hercules, CA USA). Proteins
were transferred onto a nitrocellulose membrane (pore size
0.45 μm; Bio-Rad Laboratories), which was subsequently
blocked for 90 min at room temperature in Tris-buffered saline
(TBS; 50 mM Tris and 0.15 M NaCl, pH 7.5) containing 5%
skimmed milk and 0.1% Tween-20 (Sigma). After washing
in TBS, the membranes were incubated with a mouse antiBcl-2 (dilution 1:1000; M0887, Dako, Älvsjö, Sweden), a
mouse anti-Bax (1:500; 610983, BD Biosciences, Le Pont de
Claix, France), a mouse anti-Bcl-x L (1:200; sc-8392), a
mouse anti-Bad (1:200; sc-8044), a mouse anti-Bak (1:200;
sc-7873), a mouse anti-survivin (1:200; sc-17779), a mouse
anti-Hsp70 (1:1000; sc-24), a mouse anti-Smad4 (1:200;
sc-7966), a mouse anti-COX-2 (1:200; sc-19999), a goat antiPUMA (1:200; sc-19190), a mouse anti-p53 (1:1000; sc-126),
a mouse anti-EGFR (1:200; sc-03), a mouse anti-cyclin D1
(1:200; sc-20044), or a mouse anti-Mdm2 (1.200; sc-5304),
all from Santa Cruz Biotechnology, Santa Cruz, CA, USA.
All antibodies were diluted in TBS containing 0.1% skimmed
milk and 0.1% Tween-20 and incubated at 4˚C overnight.
The membranes were washed and incubated for 1 h at room
temperature with a peroxidase-conjugated anti-mouse (1:1500;
P0447, Dako) or a bovine anti-goat antibody (1:1000; sc-2350,
Santa Cruz Biotechnology) and the bands were visualized by
Western blotting Luminol Reagent (sc-2048, Santa Cruz
Biotechnology). Equal loading was verified by reprobing the
membrane with a goat anti-actin (I-19; 1:1000; sc-1616,
Santa Cruz Biotechnology), followed by a bovine anti-goat
antibody (1:1000; sc-2350, Santa Cruz Biotechnology).
The Western blots were carried out at least two times for
each protein. One representative blot with bands of good
quality both of the selected protein and of actin was chosen
as base for further calculations. The film from the selected
blot was scanned in an EPSON twain scanner using Adobe
Photoshop Ver. 9.0 and the optical density of each protein
band was determined with Fuji film Image Gauge Ver. 3.01
software. The optical density of investigated proteins was
adjusted to the density of the actin band. The resulting adjusted
protein values were then compared using NOK as a baseline,
and were designated adjusted relative densitometric (ARD)
values. The value in NOK was for all proteins set to 1.0 except
for survivin, which is normally not expressed in terminally
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Table II. p53 mutations in HNSCC cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––
Cell line
p53 mutations
Exon
Codon
–––––––––––––––––––––––––––––––––––––––––––––––––
ab 225
UT-SCC-24A Splice site mutationa 7
UT-SCC-77 Missense
5, 8, 11 179, 273, 393
UT-SCC-33 Missensea
8
282
UT-SCC-34 Loss of transcripta
2-11
1-393
a
UT-SCC-12A Missense
10
342
UT-SCC-2
Missensea
8
275
UT-SCC-19A Missensea
8
285
a
UT-SCC-23 Loss of transcript
2-11
1-393
UT-SCC-9
Loss of transcripta
2-11
1-393
–––––––––––––––––––––––––––––––––––––––––––––––––
aPreviously

reported by Pekkola-Heino et al (18) and Hauser et al

(30).

–––––––––––––––––––––––––––––––––––––––––––––––––

differentiated adult tissue. Therefore, the optical density of
the weak survivin band for NOK (Fig. 1B) was determined
and after adjustment to actin the value was set to zero. The
actin adjusted values of survivin for the nine cell lines were
then compared to NOK but using a baseline set to zero. NOK
from at least three individuals were used for each protein.
Number of Negative Points. The protein expression (ARD
values) of the 14 proteins was classified into four groups 0-3
points; none (0-1.50), small (1.51-4.50), middle (4.51-7.50)
or large changes (≥7.51) compared to NOK. The 14 proteins
were classified in this same point system with the same
above levels for the ARD values.
The p53 mutations were arranged into three groups
depending on their type. Group one included all mutations,
group two contained the splice site and missense mutations
and the third group contained loss of transcript (Table II). Each
p53 mutation received one point in the NNP system.
Polymerase chain reaction-single strand conformation
polymorphism analysis (PCR-SSCA) and DNA sequencing.
Genomic DNA was isolated from the cell samples with the
Wizard® Genomic DNA Purification kit according to the
supplier's recommendations (Promega, Madison WI, USA).
The p53 gene was amplified as described previously by
Zhuang et al (25). The PCR reaction consisted of 50 ng
DNA, 1.0 μM of each primer, 200 μM of each dNTP, 2.0 mM
MgCl 2, 20 mM ammonium sulfate, 75 mM Tris pH 9.0,
0.01% Tween-20 and 0.5 units of ThermoWhite Taq DNA
polymerase (Saveen Werner, Sweden) for a total volume of
20 μl. Amplifications were performed for 35 cycles at 94˚C
for 30 sec, 55˚C for 30 sec and 72˚C for 30 sec in a thermal
cycler (PTC 200, MJ Research). Radiolabeling for SSCA was
performed in a secondary PCR reaction with nested primers,
where 1 μl aliquots of the primary PCR reaction were
amplified for 8 cycles in the presence of 1.0 μCi [α-32P]dATP
(3000 Ci/mmol). The samples were diluted 1:10 with
denaturing gel-loading buffer, denatured at 95˚C for 5 min
and resolved in 6% polyacrylamide/5% glycerol and 0.5 x
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Table III. Protein expression of the Bcl-2 family in HNSCC cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Bax
Bad
Bak
PUMA
Cell line
IR
Bcl-2
Bcl-xL
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
1.8a
1.0
0.86
1.0
UT-SCC-24A
2.6
1.21
1.53a
a
a
a
UT-SCC-77
2.5
0.35
1.88
1.98
2.17
1.16
2.01a
a
a
UT-SCC-33
2.3
0.36
1.22
1.87
1.52
0.93
0.55
a
a
a
a
UT-SCC-34
2.1
2.98
2.51
2.58
2.76
0.84
0.54
UT-SCC-12A
2.1
1.04
1.56a
2.29a
1.46a
0.97
0.13
UT-SCC-2
1.8
0.96
0.18
3.92a
1.29
0.65
2.09a
a
UT-SCC-19A
1.7
0.78
1.88
1.15
1.30
1.32
1.74a
a
a
a
UT-SCC-23
1.6
0.94
2.62
2.33
2.37
0.93
2.97a
UT-SCC-9
1.4
0.52
0.48
1.22
0.95
1.24
0.73
NOK
1.00
1.00
1.00
1.00
1.00
1.00
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Adjusted relative densitometric (ARD) values from Western blot analysis of protein expression of anti- and pro-apoptotic members of the
Bcl-2 family. The ARD values were obtained after adjustment to the loading control actin and adjustment to NOK. A value that increased by
50% (1.5) or more compared to NOK is marked with a.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Mutation Detection Enhancement gels (MDE; FMC
BioProducts, Rockland, ME). The fragments were separated
at 4-8 watts at room temperature for 16 h. The gels were
dried and autoradiographed at -70˚C for 5-72 h. PCR products
with altered mobility were excised, re-amplified and purified
using the ExoSAP-IT enzyme kit (Amersham Biosciences,
Uppsala, Sweden). DNA sequencing was performed in both
directions using DYEnamic ET Dye Terminator Cycle
Sequencing Kit for MegaBACE DNA Analysis Systems
(Amersham Biosciences), according to manufacturer's
instructions.
Statistical analysis. The correlation between each ARD value
with IR, or combinations of ARD values from two or more
proteins with the IR of the cell lines, was analyzed with the
Pearson's correlation test (2-tailed) using SPSS 12.0.1 for
Windows (SPSS Inc.).
A multivariate statistical calculation was carried out to
select the combination of factors that had the strongest
correlation to IR. The 14 proteins that were expressed and
the three groups of p53 mutations were classified using the
NNP system. The ARD values were translated into points
between zero and three depending on the grade of protein
expression. No cell line overexpressed Bak to 50% more
than NOK resulting in its value of zero in the NNP system
(Table III). Therefore, only 13 proteins were included in the
statistical analyses. The three groups of p53 mutations were
all included in the statistical calculation. So, 16 factors, 13
proteins plus three groups of p53 mutations were combined
in all possible variants, using a multivariate computer
calculation. This calculation gave 65535 different possible
combinations of one or more factors. The computer then
selected the combination of factors with the strongest
correlation to IR.
Results
EGFR, survivin and COX-2. EGFR is commonly overexpressed in HNSCC and therefore represents a promising

therapeutic target. In this study the expression differed
greatly among the cell lines and all except UT-SCC-12A
expressed more EGFR than NOK. The ARD values ranged
from 0.88 (UT-SCC-12A) to 12.32 (UT-SCC-24A; Fig. 1A)
and there was no significant correlation (R=0.619, P=0.075)
between the level of EGFR and the IR of the tumor cell lines.
Inhibition of COX-2 in tumor cells has been reported to
increase radiosensitivity without influencing normal tissue
response to radiation. The expression of COX-2 in these nine
cell lines differed extensively and in five of the cell lines
COX-2 was overexpressed with ARD values between 2.324.43 (cell line UT-SCC-2, -12A, -23, -24A and -34) but there
was again no significant correlation to IR (R=0.143, P=0.714).
Survivin, an anti-apoptotic protein, is most often nonexistent in normal cells but is extensively up regulated in
tumor cells as it was in all investigated tumor cell lines
except UT-SCC-9 (Fig. 1B). Survivin expression did not
correlate significantly to IR (R=0.494, P=0.177). Since none
of these proteins alone showed a significant correlation to IR
and the aim was to find the combination of factors that
correlated with radiosensitivity, we added the ARD values of
EGFR, COX-2 and survivin and this sum had a significant
correlation to IR (R=0.825, P=0.006). However, when COX-2
was excluded an even higher correlation was achieved
(R=0.878, P=0.002; Fig. 1C).
The Bcl-2 family. Radio- and chemotherapy resistance is
hypothetically due to overexpression of anti-apoptotic
proteins like Bcl-xL and Bcl-2 or a decrease in the expression
of pro-apoptotic proteins such as Bax, Bad, Bak (5,26) and
PUMA (6). In this study Bcl-2 was only overexpressed in
UT-SCC-34. Bcl-xL on the other hand, was up-regulated in
six out of nine cell lines (Table III) while Bax, Bad and PUMA
were up-regulated in a high number of the cell lines as
compared to NOK (Table III). None of these proteins alone
showed a significant correlation to IR. Bax, Bad, Bak and
PUMA are all thought to be good predictors for treatment
and beneficial from a patient perspective. Contrary to Bcl-xL
and Bcl-2 they had a negative R value. Therefore, when the
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Figure 1. Expression of EGFR and survivin in nine head and neck squamous cell carcinoma (HNSCC) cell lines and in normal oral keratinocytes (NOK). One
representative blot out of three is shown. (A) Western blot and adjusted relative densitometric (ARD) values of EGFR expression (NOK=1), (B) Western blot
and ARD values of survivin expression (NOK=0) and (C) Pearson's correlation analysis of the combination of EGFR and survivin and the intrinsic
radiosensitivity (IR).

ARD values were added, factors with a negative R value
were subtracted from the others. We found a slightly
increased correlation to IR (R=0.884, P=0.002) when Bak
was subtracted from EGFR and survivin compared to EGFR
and survivin alone (Fig. 2A).

Cyclin D1, Smad4 and Hsp70. Cyclin D1 was overexpressed
in all investigated cell lines when compared to NOK.
Moreover, overexpression of Hsp70 and Smad4 were found
respectively in eight and seven of the nine cell lines (Table IV).
None of these three factors alone showed a significant correlation to IR. However, when we added these ARD values
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genetic levels. The analysis displayed p53 changes in all cell
lines, although these changes were of different types. The
mutation analysis showed one splice site or missense mutation
in the p53 gene in five of the nine cell lines and in UT-SCC-77
three p53 mutations were found (Table II). Three of the cell
lines had a loss of transcript (exons 2-11; Table II).
Overexpression of the p53 protein was found in three of
the cell lines and the p53 regulator Mdm2 was overexpressed
in two of them (Table IV). However, none of these proteins
had a significant correlation alone, nor did they improve the
correlation to IR together with EGFR, survivin, Bak, Hsp70
and Smad4.

Figure 2. Pearson's correlation analysis of the intrinsic radiosensitivity (IR)
and (A) the combination of adjusted relative densitometric (ARD) values for
EGFR, survivin and Bak, (B) the combination of ARD values for EGFR,
survivin, Bak, Smad4 and Hsp70 and (C) the NNP sum for EGFR, survivin
and missense p53 mutations.

together with the values of EGFR, survivin and Bak we found
that Hsp70 and Smad4 increased the correlation to IR
(R=0.886, P=0.001; Fig. 2B).
p53 and its regulator Mdm2. p53 is undoubtedly of great
importance in tumorigenesis of many cancer types. We
therefore wanted an assessment on both the protein and

Number of Negative Points. Many biological changes take
place during the growth of a tumor. The necessity for and
influence of each change is not known. Nor is it known how
important one protein expression is compared to another. For
this reason we wanted to create a system where both changes
in protein expression and genetic alterations could be evaluated
and correlated to IR. The classification of protein expression
and p53 mutations was named the Number of Negative Points.
This name was invented because it describes the combination
of different factors that act negatively for the host of the
tumor i.e., the patient. In this system, changes of different
grades of protein expression are possible to add to the changes
on the p53 gene. To create this system we divided the proteins
into groups depending on the level of expression. Furthermore,
since Western blot is a semi-quantitative method for analyzing
protein expression, this grouping also gave a more realistic
description of the predictive value of the detected changes.
The protein expressions were classified into four groups, 0-3
points; none, small, intermediate or large changes when
compared to NOK (see Materials and methods). When the
ARD values were translated to the NNP system, Bak did not
reach the lower limit for receiving one point. Even though it
improved the correlation to IR with ARD values it was not
up- or down-regulated enough to receive one point in the
NNP system (Table IV) and thus it was not included in the
statistical analysis.
The malignant potential of different p53 mutations seems
to vary profoundly. We needed to know if there were any
differences in correlations to IR depending on what type of
p53 mutation a cell line carried. Therefore the p53 mutations
were classified into three groups. Group one included all
mutations, group two contained the splice site and missense
mutations and the third group included loss of transcript,
with each mutation receiving one point (see Materials and
methods).
In the NNP system there was a statistically significant
correlation between the total NNP for all proteins and
mutations together and IR (R=0.826; P=0.006). However,
this study aimed at finding the combination of factors that
had the strongest correlation to IR. To receive this result we
performed a multivariate statistical analysis which combined
all factors and then correlated the varying combinations to
radiosensitivity. The result from this calculation showed that
out of 65535 possible combinations: EGFR, survivin, and
the splice site and missense p53 mutations gave the
strongest correlation to IR (Table V; Fig. 2C; R=0.990,
P<0.0001).
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Table IV. Protein expression of cyclin D1, Smad4, Hsp70, p53 and Mdm2 in HNSCC cell lines.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Cell line
IR
Cyclin D1
Smad4
Hsp-70
p53
Mdm2
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
2.72a
1.43
0
0.02
UT-SCC-24A
2.6
3.85a
a
a
UT-SCC-77
2.5
2.74
1.10
1.37
14.16
0.98
UT-SCC-33
2.3
4.22a
0.91
1.51a
4.99a
0.15
a
a
a
UT-SCC-34
2.1
3.47
3.64
2.22
0.70
1.61a
UT-SCC-12A
2.1
3.47a
2.34a
1.91a
0.51
1.03
a
a
a
UT-SCC-2
1.8
3.34
3.91
1.96
1.29
0.24
UT-SCC-19A
1.7
3.14a
4.11a
1.19
6.03a
1.73a
UT-SCC-23
1.6
2.45a
3.10a
2.58a
0.03
1.03
a
a
a
UT-SCC-9
1.4
5.19
2.00
1.96
1.39
0.66
NOK
1.00
1.00
1.00
1.00
1.00
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Adjusted relative densitometric (ARD) values from Western blot analysis of protein expression of cyclin D1, Smad4, Hsp70, p53 and
Mdm2. The ARD values were obtained after adjustment to the loading control actin and adjustment to NOK. A value that increased by 50%
(1.5) or more compared to NOK is marked with a.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Table V. Number of Negative Points (NNP).
–––––––––––––––––––––––––––––––––––––––––––––––––
Cell line
IR
EGFR Survivin P53-mut NNP
–––––––––––––––––––––––––––––––––––––––––––––––––
UT-SCC-24A 2.6
3
2
1
6
UT-SCC-77
2.5
0
3
3
6
UT-SCC-33
2.3
3
1
1
5
UT-SCC-34
2.1
3
1
0
4
UT-SCC-12A 2.1
0
3
1
4
UT-SCC-2
1.8
1
1
1
3
UT-SCC-19A 1.7
0
2
1
3
UT-SCC-23
1.6
0
2
0
2
UT-SCC-9
1.4
1
0
0
1
NOK
0
0
0
0
–––––––––––––––––––––––––––––––––––––––––––––––––

Discussion
The dynamic balance between pro- and anti-apoptotic
proteins is believed to be crucial for determining cell fate:
survival or cell death. When looking for predictive factors for
radiosensitivity, our hypothesis is that the combinations of
factors (protein and gene changes) are of great importance
for survival of the tumor. In the present study we investigated
the expression of 14 proteins and mutations in one gene
which are all known to be involved in different parts of the
apoptotic or proliferative processes and/or to be expressed in
tumor cells. The aim of this study was to find a combination
of factors that can predict the outcome of radiotherapy.
Therefore, we needed a method where changes in protein
expression together with genetic alterations could be compared
in the same system and we called this classification the NNP

system. In this system we converted the ARD values from
Western blot analyses to a classification between zero and
three depending on how much protein each cell line expressed
compared to NOK. We believe that this gives a more realistic
description of the predictive value of the detected protein
changes. Even though the studied factors may have differing
carcinogenic potential, we made a classification where all
factors were presumed to be of equal importance.
Mutations in the p53 gene are thought to have a great
impact on carcinogenesis and treatment sensitivity. In this
study missense and splice site mutations increased the
correlation between NNP and IR, which possibly indicates
that a loss of p53 signal can alter the radiosensitivity of
HNSCC. The cell line UT-SCC-77 had three missense
mutations and therefore got three negative points in the
second group. It is not clear whether three missense
mutations decreased the radiosensitivity by more than one.
Nor is it clear that a very high overexpression of EGFR, as in
UT-SCC-24A, decreased the radiosensitivity more than a
moderate overexpression. However, our results indicate that
both an increased number of missense mutations and a higher
expression of EGFR have a negative impact on radiosensitivity.
When using both the NNP system and the ARD values
from the Western blot analyses, we found that EGFR and
survivin together had a significant correlation to IR. High
EGFR expression found in several studies of head and neck
cancer has been correlated to poor prognosis, increased risk
of metastasis, and advanced tumor stage (9). However, in
clinical trials not all patients show an increased survival after
blockade of EGFR during radiotherapy, but still the study of
Bonner et al showed an increase of both progression-free
survival and overall survival of about 10% (27). To increase
the benefit for the patient after blockade of EGFR during
radiotherapy, we believe that a more individual selection is
needed, and that is where a system like the NNP could be of
value.
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Our results show that the total expression of survivin and
EGFR were useful predictive factors for radiosensitivity. We
found in an earlier study results indicating a role for survivin
both in apoptosis and radiosensitivity (23) which we can now
confirm.
In this study, none of the investigated members of the
Bcl-2 family show a direct relation to radiosensitivity and
concerning the correlation to IR, our results indicate that
other factors are of greater importance than the Bcl-2
family.
Using ARD values, Smad4 increased the correlation to
IR when added to EGFR, survivin and Bak. A majority of
described mutations in the SMAD4 tumor suppressor gene
in HNSCC are missense mutations outside codon 330-370,
which inactivate Smad4 by protein degradation (28).
Surprisingly, in this study Smad4 was detected in all cell
lines and its increased expression compared to NOK was
detected in seven of nine cell lines. When using the NNP
system the correlation to IR was not improved either by
Smad4 or by the anti-apoptotic protein Hsp70.
A great problem in clinical work is the varying response
to radiotherapy. Some HNSCC even grow during ongoing
radiotherapy, and it would be of interest from both the socioeconomic point of view and from that of the patient to only
give effective treatment. In order to do this, it is necessary to
understand the changes that are responsible for the process of
tumor progression. Theoretically, a large number of factors
affecting growth control, apoptosis and other processes could
be altered, which is why the recognition of a panel of multiple
predictive factors is of great importance. Our long-term goal
is to identify markers in a newly found tumor, to help clinicians
predict the most effective treatment in each patient. More
studies are needed to analyze factors that were not included
in this study. It would be of interest to verify the NNP correlation to IR in a greater number of samples and with more
quantitative methods like ELISA or RT-PCR.
Taken together, we created a classification where the
NNP for three factors gives a combination that correlates
significantly to the previously known IR. Most likely, there
are other factors that play an important role in tumor
radiosensitivity and of course the results must be interpreted
with care, as there are many proteins involved in apoptosis
and proliferation not represented in this study. Even so we
introduce a new method of predicting radiosensitivity when
combining 3 of 17 factors.
In conclusion, when further evaluated, the present novel
method could give an effective approach towards the
optimization for treatment in HNSCC.
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