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Pharmacological genome demethylation increases radiosensitivity
of head and neck squamous carcinoma cells
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Abstract. Aberrant inactivation of tumor suppressor genes by
promoter hypermethylation has been recognized as a crucial
step of tumor development and is related to aggressiveness
and therapy resistance. To identify potential novel treatment
strategies, we evaluated pharmacological genome demeth-
ylation for the increase of irradiation treatment effectiveness
in head and neck squamous cell carcinoma (HNSCC) in this
in vitro study. HNSCC cells were cultured with 2 different
concentrations of 5-azacytidine (5-Aza) for 72 h, followed
by a single fraction irradiation with 4 or 50 Gy, respectively.
To show successful genome demethylation, the methylation
status of the tumor suppressor gene hicl (hypermethylated in
cancer) promoter was analyzed by methylation specific PCR
(MSP) as well as hicl transcription by quantitative RT-PCR.
Survival, apoptosis, viability, and migration of the tumor cells
were analyzed as functional parameters of combined treat-
ment response. After 5-Aza treatment the hicl promoter was
demethylated and gene transcription restored demonstrating
genome demethylation. 5-Aza treated cells tended to be less
viable and showed decreased survival indicated by lower
colony numbers. Apoptosis and migration were not affected.
The combined application of irradiation and 5-Aza signifi-
cantly reduced survival compared to the single treatments.
Accordingly, apoptosis was strongly increased after combined
4 Gy/5-Aza treatment. Viability was not additionally affected
by combined treatment. Migration was affected weakly by
combined high dosage irradiation/5-Aza treatment. Our data
show that the combined application of 5-Aza and irradiation is
effective in vitro. A demethylating concept prior to irradiation
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should be further evaluated for its potential to reduce irradia-
tion resistance.

Introduction

Squamous cell carcinomas of the head and neck (HNSCC)
are the sixth most common malignancy in the USA, and the
number of patients newly diagnosed is still increasing (1).
Many patients present with locally advanced disease and
require a multidisciplinary approach using some combination
of surgery, radiotherapy, and chemotherapy (2). However,
despite improvements in the treatment of this disease, over
the last decades 5-year survival rate has remained largely
unchanged. Therefore, the development of treatment strate-
gies overcoming tumor resistance is a permanent urgent aim.
The loss of genomic material is related to tumorigenesis and
progression. Frequently, tumor suppressor genes (TSG) are
deleted (3-6). Inactivated TSGs are recognized to be related
to cancer development and more recently as a mechanism
of tumor resistance. Beside losses and mutations, epigenetic
silencing is another mechanism of TSG inactivation (7), and
not surprisingly, the hypermethylation of a multitude of TSG
gene promoters could be described for several malignancies
(8). Reversal of DNA-repair gene silencing by demethylating
treatment with 5-azacytidine (5-Aza) has been shown to reduce
therapy resistance in mice (9).5-Aza is a drug successfully used
for the normalization of promoter methylation status and gene
expression in acute myeloid leukemia and myelodysplastic
syndrome (10,11) demonstrating the clinical relevance of gene
regulation by promoter hypermethylation. In a recent report
we were able to demonstrate the re-expression of hicl (hyper-
methylated in cancer) in HNSCC cell lines by the use of 5-Aza
(12). Hicl is a zinc-finger transcription factor and a candidate
tumor suppressor gene (13,14) implicated in the tumorigenesis
of squamous cell carcinomas (SCC) (12,15). In our published
experiments functional consequences of demethylating treat-
ment were decreased proliferative activity as well as reduced
colony forming ability of the cells. These data prompted us to
speculate that pharmacological unmasking of hypermethylated
TSGs may be beneficial in terms of reducing tumor radiation
resistance. Here, we report on the functional consequences of
a 5-Aza treatment of HNSCC cells in vitro and discuss this
treatment as a radiosensitizing strategy.



506

Materials and methods

Cell culture. For our experiments we used the head and neck
squamous cell carcinoma cell line HNCCUM-O0IT (16). This
cell line has been used in previous hypermethylation experi-
ments (12). The cell line was maintained in DMEM/Ham's F12
(PAA), supplemented with 5% FCS (Greiner), and antibiotic
solution (100 U/ml penicillin and 100 ug/ml streptomycin;
PAA) at 37°C in 5% CO,. Cells were treated for 72 h with 0.2
and 2 uM 5-Aza (Vidaza®) (Sigma-Aldrich).

DNA isolation, bisulfite modification and MSP (methylation
specific PCR). To demonstrate successful DNA-demethylation,
we performed a methylation-specific PCR analyzing the
hicl-promoter as a surrogate marker. The procedure has been
detailed before (12). In brief, genomic DNA was extracted and
subjected to bisulfite treatment (17). Methylation of the hicl
promoter was assessed by the use of methylated or unmethyl-
ated specific primers, respectively. The 95-bp and 118-bp PCR
products, respectively, were separated by electrophoresis on a
2% agarose gel and stained with ethidium bromide. Distilled
water was used as negative control. Bisulfite-treated lympho-
cyte DNA from healthy volunteers served as a positive control
for unmethylated DNA. This DNA was methylated by the use
of Sss1 methyltransferase (NEB) and used after bisulfite modi-
fication as a positive control for amplification of methylated
DNA.

RNA extraction and hicl quantitative real-time PCR (qPCR).
For evaluation of hicl re-expression after demethylating
treatment, we performed a hicl-specific qPCR analysis. The
method has been described before by us (12). Briefly, total
RNA was isolated from the cells to be analyzed by the use of
the NucleoSpin® RNA II-kit (Macherey-Nagel). cDNA was
generated using random primers and M-MLV (Promega) and
subjected for hicl qPCR (Assay-ID: Hs00948220_m1, Applied
Biosystems). As endogenous reference the huPO-gene was
used and relative expression levels were calculated by the 2-44¢T
method (18). The values were related to a calibrator, set as 1.

Viability. HNCCUM-OIT treated with 0.2 or 2 uM 5-Aza,
were dispersed after 72 h by trypsin digestion and resuspended
in standard media. Controls were cultured in parallel. Cells
were then irradiated immediately with 4 or 50 Gy, using a
gamma source (Cs'”). Mock-irradiated cells were processed
in parallel. After irradiation cells were cultured for additional
24 h and then viability was measured. In brief, 10% v/v Alamar
Blue reagent (Biozol) was added to each well. The Alamar
Blue® assay is based on a redox indicator, changing its color
from blue (oxidized) to fluorescent red (reduced). After 3 h
relative fluorescence units, indicating cellular metabolism,
corresponding to the cellular viability and proliferative
activity (19), were determined by the use of a Fluoroscan
Ascent-reader (Labsystems). Cell numbers were determined
with 1 ml 0.2% crystal violet (N-hexamethyl pararosanilin) in
PBS for 10 min (20). For quantification, cells were lysed with
acetic acid (10%). The colorimetric measurement (540 nm) of
the dye saturation was proportional to the number of cells. By
crystal violet staining measured cell numbers were used for
normalization of the viability data.

BRIEGER et al: INCREASED RADIOSENSITIVITY IN HNSCC BY DEMETHYLATION

A H:0 M- -Aza +Aza M+
L MU MU MU MU MU L

B
Rn
] < +Aza
0.1
0.025 =d—t—it ::.":: —t - % threshold
4 //4— -Aza
001 /

30 31 32 33 34 35 36 37 38 39 40 Cycle number

Figure 1. Demethylation by 5-Aza treatment. (A), MSP analysis in 5-Aza
treated and untreated HNCCUM-O1T cells. Bisulphite-modified DNA was
amplified with hicl primers specific for unmethylated (U) and methylated
(M) DNA. 5-Aza treatment with 2 yM (+Aza) resulted in demethylation
of the DNA indicated by amplification of the hicl promoter by the use of
unmethylated-specific primers. Size of PCR products are 118 bp and 95 bp,
respectively. L, 100-bp ladder. H,O, negative control, M+, methylated DNA,
M-, unmethylated DNA. B, qPCR of hicl. Re-expression of hicl after 5-Aza
treatment indicates hicl promoter unmasking by 5-Aza. The threshold cycle
shifted from Ct >40 to Ct 33 after 5-Aza treatment corresponding to over
hundred times the baseline hicl expression.

Apoptosis. HNCCUM-01T were treated as described for
the viability assay. For apoptosis measurement we used
the Annexin V FITC apoptosis detection kit (Calbiochem)
according to the manufacturer's instructions. The percentages
of apoptotic cells were calculated compared to the control. The
control was set as 100%.

Colony formation assay. Cells were treated as described
for viability measurement, seeded and cultured for 14 days
including the appropriate 5-Aza-concentrations. After fixation
and staining colonies were counted. The method has been
described in detail by us before (12).

Migration. After 72 h of cell treatment, 3x10° cells/ml were
seeded in the upper chamber of a transwell chamber system
(8.0 yum pore polycarbonate membrane, Corning). The
membrane served as a barrier to discriminate migrated from
non-migrated cells. For quantification, the migrated cells were
stained with crystal violet the next day.

Statistics. To analyze treatment responses, obtained data were
compared to the controls using ANOVA followed by the Tukey
post test. For comparison of single treatments, one-way paired
t-tests were used. Shown are the mean + SEM.
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Figure 2. Functional impact of 5-Aza treatment for radiation response. HNCCUM-O01T cells were treated for 72 h with 5-Aza, followed by the functional assays.
(A) Cell viability measured by the Alamar Blue assay was lowered at both 5-Aza concentrations. (B) Apoptosis was strongly increased by combined application
of 2 uM 5-Aza and 5 Gy. Level of significance was not reached in (A) and (B) due to high variability. (C) Colony assay indicated significantly reduced survival
after 5-Aza treatment (P<0.01), as well as after irradiation (P<0.001). Combined treatment resulted in additional reduced survival at 4 Gy (P<0.05), comparable
as it has been observed for apoptosis (B). (D) Migration was only slightly reduced after 50 Gy irradiation single as well as after combined treatment. Controls
were set as 100% (dotted line). Shown are mean values + SD of a minimum of 3 independent experiments. The data of controls and Aza-treated cells in (C)

and (D) have been shown before (12). “P<0.05; “P<0.01; “"P<0.001.

Results

MSP-analysis and gene activation after 5-Aza treatment. To
target the question if a demethylating treatment of HNSCC cells
results in the re-expression of formerly inactivated TSGs and if
this results in an increased response to irradiation, we treated
the HNSCC cell line HNCCUM-O0IT with 2 dosages of 5-Aza
shown before to be effective in demethylating DNA. After 5-Aza
treatment we observed that the frequently hypermethylated in
HNSCC TSG hicl was demethylated and re-expressed (Fig. 1).

Functional impact of demethylating treatment for radiation
response of cancer cells. We evaluated the effectiveness of
a combined irradiation/5-Aza treatment concept to increase
radiation response of the tumor cells. The Alamar Blue
assay revealed that the measured viability of the surviving
cells after treatment tended to dose-dependently decrease by
5-Aza, largely irrespective of the irradiation dosage (Fig. 2A).
Apoptosis was not induced in any concentration of single
treatment with 5-Aza. After 4 Gy irradiation, apoptotic cell
counts were doubled compared to the control, but did not
further increase after the additional application of 0.2 uM
5-Aza. However, the addition of 2 uM 5-Aza in combination

with 4 Gy irradiation resulted in an apoptotic rate of 427%
of the untreated control, corresponding to a doubling of that
of the single irradiation treatment or the low level Aza/4 Gy
combination treatment. Irradiation treatment of 50 Gy
resulted in no further increased levels of apoptosis, remaining
comparable to the combined 2 uM 5-Aza/4 Gy treatment
(Fig. 2B). In the survival assay (Fig. 2C) we observed both a
5-Aza dose dependent as well as a radiation dose-dependent
reduction of the colony forming capacity. Corresponding
to the apoptosis data we found strongly decreased numbers
of colonies (P<0.05) compared to 0.2 uM Aza/4 Gy or 4 Gy
alone after the combined application of 2 uM 5-Aza and 4 Gy,
thus indicating again a combination effect. The apoptosis and
survival data indicate that addition of 5-Aza strongly increases
irradiation effectiveness at the clinical relevant dose of 4 Gy.
Finally, we analyzed the migratory activity of treated cells and
found slightly reduced migration after combined application
of 50 Gy and 5-Aza (Fig. 2D), suggesting only a minor effect.

Discussion

We evaluated in vitro the potential of 5-Aza to increase radia-
tion response of HNSCC cells and found strong evidence that
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5-Aza impairs the cellular resistance mechanism increasing
radiation effectiveness.

Tumor suppressor genes are frequently inactivated in
cancer thus increasing proliferation, decreasing apoptosis and
affecting other tumor resistance mechanisms. Mutations or
epigenetic silencing may switch off for cellular homeostasis
relevant TSGs (21). Recently, we demonstrated that promoter
demethylation by 5-Aza treatment is effective in restoration of
hicl expression, a proposed TSG relevant for the development
of epithelial cancers in HNSCC with consequences for cellular
survival and proliferation (12). Others showed the value of a
demethylating treatment of AML and MDS in a clinical setting
(10,11) and in cell culture models of pancreatic, prostate, colon,
and brain tumors radiosensitizing effects have been reported
(22,23). However, the relevance of genome hypermethylation
for HNSCC radiation resistance has not been analyzed so
far. Therefore, we now analyzed the combined application of
irradiation and 5-Aza in a cell culture model utilizing several
functional assays. The aim was the collection of data encour-
aging the further evaluation of a demethylating treatment
schedule for the reduction of HNSCC irradiation resistance.

For irradiation experiments we used the therapeutical
applicable single dosage of 4 Gy and to stimulate strong effects
a maximum of 50 Gy. Our Alamar Blue data showed that
viability, roughly reflecting metabolic activity of the cell, is
essentially reduced by 5-Aza and to a lesser extent by irradia-
tion. In the colony assay we found both, an irradiation effect
and an 5-Aza effect. Moreover, a significant combination
effect after the application of 5-Aza with 4 Gy irradiation was
observed. A comparable (but due to high standard deviation
not statistically significant) result was observed by apoptosis
measurement after 5-Aza/4 Gy. One mechanism of irradiation
action is the initiation of apoptosis via DNA strand breaks.
This pathway is frequently impaired in cancer. Therefore,
our finding is in line with the assumption that demethylation
overcomes apoptosis blockade and restores susceptibility to
apoptosis induction by irradiation.

Collectively, these data suggest that tumor cells die of
irradiation and that the surviving cells are metabolically
hampered by 5-Aza. The observed combination effect in the
colony assay after combined 5-Aza/4 Gy treatment may be
explainable by these convergent responses. Migration has been
affected only weakly and only after 50 Gy irradiation. This
seems conclusive as migration is not related to apoptosis and
is not expected to be coupled to metabolism.

We demonstrated before that demethylation is achievable
within 72 h and persists for up to 4 weeks (12). These data
suggest that promoter demethylation prior to and its mainte-
nance during the course of irradiation is feasible. The standard
daily dosage of radiation treatment to date is 2 Gy. However,
enhanced daily dosages with single fractions up to 4 Gy
are under evaluation. Thus, the observed strongly enhanced
responses to 4 Gy irradiation after simultaneous application of
5-Aza might gain increasing clinical relevance.

In summary, our findings show the relevance of hyper-
methylation for radiation resistance of HNSCC. The data
indicate that demethylation and irradiation corrupt cells in a
cooperative manner by interfering with convergent mecha-
nisms, resulting in the observed desired combination effects.
The further evaluation of demethylating active drugs as a
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potential radiosensitizing treatment option in HNSCC therapy
is strongly warranted.
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