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Abstract: Squamous cell carcinoma of the head and neck region (HNSCC), which is related to an infection with hu-
man papilloma virus (HPV), responds better to simultaneous radio-chemotherapy with Cisplatin based regimens 
than HPV-negative tumors. The underlying molecular mechanisms for this clinical observation are not fully under-
stood. Therefore, the response of four HPV-positive (HPV+) (UM-SCC-47, UM-SCC-104, 93-VU-147T, UPCI:SCC152) 
and four HPV-negative (HPV-) (UD-SCC-1, UM-SCC-6, UM-SCC-11b, UT-SCC-33) HNSCC cell lines to x-irradiation ± Cis-
platin incubation in terms of clonogenic survival, cell cycle progression, protein expression (cyclin A2, cyclin E2, E6, 
E7, p53) and induction of apoptosis, was investigated. HPV+ cells were more radio- and chemosensitive and were 
more effectively sensitized to x-irradiation by simultaneous Cisplatin incubation than HPV- cell lines. HPV+ cell lines 
revealed an increased and prolonged G2/M arrest after irradiation, whereas Cisplatin induced a blockage of cells 
in S phase. In comparison to irradiation only, addition of Cisplatin significantly enhanced apoptosis especially in 
HPV+ cell lines. While irradiation alone increased the amount of HPV E6 and E7 proteins, both were down-regulated 
by Cisplatin incubation either alone or in combination with x-rays, which however did not increase the expression 
of endogenous p53. Our results demonstrate that cell cycle deregulation together with downregulation of HPV E6 
and E7 proteins facilitating apoptosis after Cisplatin incubation promote the enhanced sensitivity of HPV+ HNSCC 
cells to simultaneous radio-chemotherapy. Combined effects of irradiation and Cisplatin appear to be relevant in 
mediating the enhanced therapeutic response of HPV-related HNSCC and are indicative of the benefit of combined 
modality approaches in future treatment optimization strategies.

Keywords: Head and neck cancer, radio-chemotherapy, HPV E6/E7 protein, p53, apoptosis 

Introduction

Squamous cell carcinoma of the head and neck 
region (HNSCC) belongs to the sixth most fre-
quent cancers worldwide [1]. Known classical 
risk factors for developing HNSCC include alco-
hol and tobacco. Since recently, persistent 
infection with high-risk human papilloma virus 
(HPV), mainly type 16 [2] was recognized as an 
independent risk factor for these tumors, espe-
cially if located in the oropharynx, where about 
50% of tumors harbor the virus [3-5]. Clinical 
observations provide evidence that the preva-
lence of such HPV-related disease is increas-
ing, especially in Europe and North America [6]. 

Patients with HPV-related tumors tend to be 
younger, are often diagnosed with lower T- and 
higher N-stage but importantly, have a better 
prognosis as compared to HPV-unrelated 
tumors [4, 6, 7]. These observations led to clas-
sification of HPV-positive (HPV+) tumors as a 
distinct tumor entity with differing carcinogene-
sis and mutational background compared to 
HPV-unrelated HNSCC (HPV-) [8].

At present, primary or adjuvant radiochemo-
therapy with Cisplatin-based regimes are stan-
dard of care in advanced HNSCC irrespective of 
the HPV-status [9, 10]. Treatment strategies 
adapted to the improved clinical treatment 
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response of HPV-related HNSCC are recently 
investigated in on-going clinical trials [11]. This 
attempt however is complicated by the facts 
that the underlying molecular mechanisms for 
the differing treatment response are only partly 
understood, that preclinical data concerning 
cellular radiosensitivity are not consistent and 
that preclinical data on combined effects of 
radiation and cytostatic drugs are missing 
[12-15]. 

Approximately 80% [13] of HPV-unrelated 
tumors as well as HPV- HNSCC cell lines show 
mutations in TP53, causing loss of function of 
p53 and p53-dependent pathways, beneath 
multiple mutations in other tumor suppressor 
genes as well as proto-oncogenes such as 
CDKN2A, PIK3CA and NOTCH [16-18]. In con-
trast, in HPV-related tumors carcinogenesis is 
mainly driven by the viral oncogenes E6 and E7, 
which cause proteasomal degradation and 
ubiquitination of p53 (E6) and Rb (E7) tumor 
suppressor proteins [5, 18, 19]. In addition, 
many other cellular pathways are altered by E6 
and E7 [20] resulting in a tumor promoting phe-
notype that strongly depends on HPV proteins 
instead of mutations in tumor suppressors or 
oncogenes [13, 21-23]. Although different 
types of cancer cells and keratinocytes can be 
sensitized to therapy by transfection of either 
E6 or E7 in vitro [24], little is known about the 
molecular mechanisms sensitizing HPV+ 
HNSCC cells with integrated viral genome to 
radio-chemotherapy. 

We therefore investigated the combined effects 
of Cisplatin and x-irradiation in HPV+ and HPV- 
cell lines focusing on combined effects in terms 
of clonogenic survival, cell cycle regulation, 
apoptosis and regulation of E6/E7. Such best 
reflects investigation of current treatment con-
cepts in a well-defined in vitro model. The study 
aims to elucidate mechanism explaining the 
differing treatment response of HPV+ and HPV- 
HNSCC, which is prerequisite to developing 
alternative HNSCC treatment concepts specific 
in regard to the underlying mechanism of carci-
nogenesis, related genomic patterns and acti-
vated or inactivated pathways.

Material and methods

Cell lines and culture conditions

All cell lines were grown in RPMI1640 medium 
supplemented with 10% fetal bovine serum 

(FBS), 2 mM L-glutamine, 1% non-essential 
amino acids and 0.1% gentamicin in humidified 
air (5% CO2) at 37°C. Detailed characteristics of 
all cell lines were previously published [23]. 
UD-SCC-1 (HPV-, p53mut (FS/Wt) [25] were 
provided by T. Hoffmann, University of Düs- 
seldorf, Germany in 2012; UM-SCC-6 (HPV-, 
p53wt, [25]), UM-SCC-11b (HPV-, p53mut 
(C242S), [26]), UM-SCC-47 (HPV-16 pos., 
p53wt, [27]) and UM-SCC-104 (HPV-16 pos., 
p53wt, [28]) were provided by T.E. Carey, 
University of Michigan, United States in 2012, 
UT-SCC-33 (HPV-., p53mut (R282W) [27]), were 
provided by R.A. Grenman, Turku University, 
Finland in 2012, UPCI:SCC152 (HPV-16 pos., 
p53wt [29], were provided by S.M. Gollin, 
University of Pittsburgh, United States in 2012 
and 93-VU-147T (HPV-16 pos., p53mut (L257R/
Wt), [30, 31]) were provided by J.P. de Winter, 
VU Medical Center, Amsterdam in 2012. 

HPV status of each cell line was confirmed by 
PCR using the MY09/11 and GP5/6+ primers  
(data upon request) and expression of HPV-16 
E6 and E7 transcripts in qPCR [23]. Identity of 
all cell lines was proven using Single Nucleotide 
Polymorphism (SNP) profiles and Short Tandem 
Repeats (STR) analysis [32].

Colony formation assay

Exponentially growing cells were seeded in 
increasing numbers (200-24000 cells per 6 cm 
petri dish) at least 16 h before treatment to 
achieve comparable numbers of colonies 
despite dose escalation. After 11-20 d (depend-
ing on the cell line), cells were fixed (10% form-
aldehyde) and stained (0.1% crystal violet) for 
colony counting (colonies ≥ 50 cells). The sur-
viving fraction was normalized to the plating 
efficiency of non-treated controls and clono-
genic surviving fractions were calculated. 
Survival curves were fitted to the linear-qua-
dratic equation (SF = exp-[α*D+β*D2]) accord-
ing to a least squares fit (GraphPad Prism 5.0 
software). 

Western blot analysis

Whole cell extracts were generated using lysis 
buffer (RIPA, protease inhibitor cocktail and 
PMSF (AppliChem, Darmstadt)). Lysates were 
resolved in SDS-PAGE sample buffer (25 mM 
Tris-HCl, pH 6.8; 10% glycerol, 2% SDS, 2.5% 
β-mercaptoethanol, 0.005% bromphenol blue), 
following protein separation on 8% (cyclins) or 
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12% (E6, E7, p53) SDS-Page gels. Proteins 
were blotted onto Immobilon-PVDF membrane 
(Millipore) and the membrane was probed with 
primary antibodies against: Cyclin E2, (#4132, 
1:1000), Cyclin A2 (clone: BF683, #4656, 
1:2000, Cell Signaling), HPV 16 E7 (ED17, 
1:200, SCBT) or HPV 16 E6 (1E-6F4, 1:1000; 
Euromedex). HRP-conjugated anti-rabbit/mou- 
se IgG HRP (horseradish peroxidase)-linked 
antibodies (Millipore diluted at 1:5000) and 
ECL™ chemiluminescent substrate (Amersham) 
were used for visualization at a ChemoCam 
Imager 3.2 (Intas, Potsdam, Germany). 

Cell cycle analysis

Cells were incubated with Cisplatin (20 μM) 
and/or irradiated with 6 Gy and harvested after 
12-48 h. Media, washing buffer and cells dis-
sociated with accutase were collected, fixed 
overnight (70% ice-cold ethanol) and then incu-
bated in PBS containing 200 µg/ml RNAse A, 
0.1% Triton X-100 and 20 µg/ml propidium 
iodide (30 min, room temperature). At least 
20.000 cells were analyzed by flow cytometry 
(LSR II flow cytometer, Becton Dickinson). Data 
were processed using FlowJo V7.6.1 software 
(Tree Star Inc., San Carlos, CA, USA).

Detection of apoptosis

Cells were seeded 24 h before irradiation with 
6 Gy and/or incubation with Cisplatin (10 μM). 
Flow cytometric analysis was done 24 h and 72 
h after treatment using the Annexin V-FITC 
Detection kit (Promokine, Heidelberg) accord-
ing to the manufacturer’s instructions. Cells 
were dissolved with accutase, collected togeth-
er with washing buffer and media, centrifuged, 
and stained with Annexin V-FITC and propidium 
iodide (PI) in a CA2+ binding buffer. A minimum 
of 20.000 cells was analysed, measuring early 
and late apoptosis by quadrant statistics using 
FlowJo V7.6.1 software. Results are shown as 
sum of upper (late apoptotic cells, Annexin 
V-FITC + PI-positive cells, double positive) and 
lower right quadrant (early apoptotic cells, 
Annexin V-FITC positive cells) normalized to the 
control as previously described [33]. 

Treatments

Stock solutions of Cisplatin (0.33 mg/ml, Teva 
GmbH, Ulm, Germany) were prepared by the 
Center for Cytostatics Preparation, University 

Hospital Giessen and Marburg, Marburg, 
Germany and diluted in culture medium to gen-
erate indicated concentrations.

Cell monolayers were irradiated in a PMMA-
phantom at room temperature with 6 MeV pho-
tons using a linear accelerator (Elekta 
Supernova, Elekta Oncology Systems Ltd., 
Crawley, West Sussex, UK) with a dose rate of 4 
Gy/min. 

In case of combined treatments, Cisplatin was 
added to the culture medium. If not mentioned 
otherwise, Cisplatin was removed from petri 
dishes by growth medium change 24 h after 
irradiation.

Statistical analysis

Statistical significance was tested by calculat-
ing the mean ± standard deviation (SD) from all 
HPV+ and all HPV- cell lines to generate two 
grouped mean values, one for HPV+ and one 
for HPV- cell lines using the two-tailed Student’s 
t-test with a significance level of p < 0.05 
(GraphPad Software). Each experiment was 
done in triplicate with a minimum of three inde-
pendent repetitions. Data are presented as 
mean ± standard deviation (SD) if not men-
tioned otherwise.

Results

HPV+ cell lines are more treatment sensitive

As shown in our previous work [23], HPV+ cells 
are more radiosensitive than HPV- cells, exhibit-
ing significantly lower surviving fractions (SF)  
at 1 Gy (p = 0.03) and 2 Gy (p = 0.01; Fig- 
ure 1A-H). Colony formation assay proved  
that HPV+ cell lines are also more chemosensi-
tive (0.1-5 μM) than HPV- cell lines (Figure 2A). 
All HPV+ cell lines showed lower IC50 values  
for Cisplatin than HPV- cell lines. Comparison  
of the mean IC50 values revealed a statis- 
tically significant difference between the group 
of HPV+ and HPV- cell lines (p = 0.003; Figure 
2B). 

Combined treatment with Cisplatin (0.5 μM) 
and x-rays (2-6 Gy) led to an even enhanced 
cytotoxic effect in all cell lines (Figure 1A-H) but 
UD-SCC-1 cells. Again, HPV+ cell lines were sig-
nificantly more sensitive than HPV- cell lines 
(SF2: p = 0.01; Figure 1I). The radiosensitizing 
effect of Cisplatin was more pronounced in the 
group of HPV+ cells leading to higher dose 
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Figure 1. A-H. Clonogenic survival of each HPV+ (left panel) and HPV- (right panel) HNSCC cell line tested after x-ir-
radiation alone or in a combination with Cisplatin including dose enhancement ratios at 2 Gy (DER2). I. Comparison 
of the average surviving fraction at 2 Gy of HPV+ (open symbols) and HPV- (filled symbols) cell lines after combined 
treatment with x-rays and Cisplatin (p = 0.01). J. Comparison of the dose enhancement ratio at 2 Gy for HPV+ (open 
symbols) and HPV- (filled symbols) cell lines (p = 0.06).
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Figure 2. A. Clonogenic survival of all cell lines after treatment with increasing doses of Cisplatin for 24 h. B. 
Grouped analysis of colony forming assay showing the mean IC50 values for HPV+ (open symbols) and HPV- (filled 
symbols) cell lines (p = 0.003).

enhancement ratios (DER) at 2, 4 and 6 Gy 
(DER2: 3.8  ± 0.7 vs. 1.9 ± 0.3; p = 0.06; DER4: 
5.4 ± 1.2 vs. 2.1 ± 0.5 p = 0.04; DER6: 7.4 ± 
1.2 vs. 2.6 ± 1.0 p = 0.02; for HPV+ vs. HPV- 
cell lines; Figure 1J) as compared to HPV- cell 
lines. 

Deregulated cell-cycle progression in HPV+ cell 
lines

Progression through the division cycle was 
investigated in UM-SCC-47 and 93-VU-147T 
cells (HPV+) and UM-SCC-6 and UM-SCC-11b 
cells (HPV-) (Figure 3A, 3B). Irradiation with 6 
Gy led to a significantly enhanced and pro-
longed G2/M arrest in HPV+ cells (cells in G2/M 
at 24 h: p = 0.009 for HPV+ vs. HPV-), which 
was present until 48 h after irradiation. This 
effect was associated with a more pronounced 
decline of G1 phase cells, especially after 10 h 
(Figure 3C). 

Cisplatin treatment (20 μM) alone led to an 
arrest of all cell lines in S phase. The proportion 
of cells arrested in S phase increased during a 
time course of 48 h without significant differ-
ence between the HPV+ and HPV- cell lines 
(Figure 3D). 

In cells receiving x-rays and Cisplatin, we found 
a slight increase in G2/M phase cells in HPV+ 
cell lines, which was however less pronounced 
as compared to the effect after irradiation only. 
The amount of S phase cells was increased and 

rose until 48 h after treatment, regardless of 
the HPV-status (Figure 3E). 

Cells in subG1 phase with fragmented DNA 
indicate late stage cell death [34]. We found 
more cells in subG1 phase in the HPV+ cell 
lines as compared to the HPV- cell lines after all 
treatment modalities (Figure 4A, 4B). In HPV+ 
cell lines, the number of cells in subG1 phase 
was significantly increased 24 h after Cisplatin 
incubation and after the combined treatment 
as compared to irradiation (IR) alone (cells in 
subG1 phase at 24 h: p = 0.02 for IR vs. CDDP; 
p = 0.009 for IR vs. CDDP + IR). In contrast, 
Cisplatin incubation did not lead to significantly 
more cells in subG1 phase in HPV- cell lines. In 
all cell lines the combination of Cisplatin and 
irradiation did not increase subG1 phase cells 
as compared to Cisplatin incubation alone.

Differential expressions of cell cycle-depen-
dent cyclins in HPV+ and HPV- cells

As treatments led to prominent differences in 
the cell-cycle progression, we further investi-
gated, whether the expression of Cyclin A2 and 
Cyclin E2 is affected differently in HPV+ and 
HPV- cells (Figure 5A). Cyclin A2 and Cyclin E2 
expression was normalized to their respective 
level of untreated controls in each cell line at 
each time point. 

After irradiation with 6 Gy, Cyclin A2 expression 
was higher in HPV+ cells and rose until 24 h 
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after irradiation, while in HPV- cell lines, Cyclin 
A2 declined after 12 h (Figure 5C). Cyclin E2 
rose in all cell lines until 6 h after irradiation but 
declined to control levels or even below at later 
time points (Figure 5C). 

After incubation with Cisplatin (20 μM), the 
expression of Cyclin E2 increased in all cell 
lines with marginally higher expression in HPV+ 
cells (Figure 5B, 5C). In Cisplatin treated HPV+ 
cells, Cyclin A2 slightly increased until 6 h after 
treatment but then stayed stable until 24 h 
after treatment. In contrast, in HPV- cell lines, 
peak levels of Cyclin A2 occurred at 12 h after 
treatment (Figure 5B, 5C). 

After irradiation (6 Gy) and Cisplatin incubation 
(20 μM) levels of Cyclin E2 were comparable to 
the levels after Cisplatin incubation alone. 
Cyclin A2 levels were in between the levels 
after irradiation and Cisplatin only treated cells 
(Figure 5B, 5C). Although we found enormous 
treatment dependant differences in the Cyclin 
expression, there was no significant difference 
between HPV+ and HPV- cell lines.

Combined treatment enhances apoptosis in 
HPV+ cell lines 

Measuring apoptosis by means of Annexin 
V-FITC/PI double staining revealed the least 
amount of apoptosis after irradiation. Twenty 
four hours after x-rays we did not find a signifi-
cant difference between HPV+ and HPV- cell 
lines (p = 0.7; Figure 6A), whereas 72 h after 
irradiation, the amount of apoptotic cells was 
significantly higher in HPV+ cell lines (p = 0.04). 
Cisplatin incubation as well as the combination 
of Cisplatin (10 μM) with 6 Gy x-rays led to high-
er levels of early and late apoptotic cells in all 
cell lines, especially in HPV+ cells up to 24 h 
after treatment (Figure 6A). The combination of 
x-irradiation and Cisplatin significantly en- 
hanced the number of Annexin V-positive cells 
in HPV+ cell lines after 24 h (p = 0.04). After 72 
h, the amount of apoptotic cells was compara-
bly high in HPV+ and HPV- cell lines. 

We found a statistically significant inverse cor-
relation between the increased subG1 phase 
and the enhanced sensitivity to chemo- and 
radiotherapy (represented by SF2 values) for 

Figure 3. (A, B) Cell cycle progression in UM-SCC-47 and 93-VU147T cells (HPV+; A) and UM-SCC-6 and UM-SCC-
11b cells (HPV-; B) 10-48 h after x-irradiation and/or incubation with Cisplatin (control: no treatment; G1 phase: 
black bar; S phase: grey bar; G2/M phase: white bar). (C-E) Grouped analysis of cells treated with x-irradiation (C) 
or Cisplatin-incubation (D), or x-irradiation and Cisplatin (E). Comparison of cell cycle alteration in HPV+ (spotted) 
and HPV- (black) cell lines. Figure shows relative changes in the proportion of cells in the G1, S, and G2/M phases 
(log2-scale).

Figure 4. Percentage of cells in subG1 phase (< 2n DNA) in UM-SCC-47 and 93-VU-147T (HPV+; A) and UM-SCC-6 
and UM-SCC-11b (HPV-; B) cells after x-irradiation and/or Cisplatin incubation. 
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both HPV+ and HPV- cell lines (p = 0.02; r2 = 
0.62; Figure 6B). Additionally, a significant 
inverse correlation of Annexin V-positive cells 
and the sensitivity to Cisplatin and irradiation 
was found in all cells (p = 0.003; r2 = 0.48; 
Figure 6C). 

Cisplatin reduces expression of HPV-16 en-
coded E6 and E7

To investigate, whether x-rays (6 Gy) and/or 
Cisplatin incubation (20 μM) influences the 

expression of the HPV-16 oncoproteins E6 and 
E7, we collected protein samples of HPV+ cell 
lines (UM-SCC-47; 93-VU147T) 6-24 h after 
treatment (Figure 7A). Specificity of the anti-
bodies against HPV-type 16 E6 and E7 proteins 
was confirmed in HPV+ and HPV- HNSCC cell 
lines and cervical cancer cells positive for 
either HPV-type 16 or 18. 

Levels of both proteins, E6 and E7, were slightly 
increased 6 h after x-irradiation and kept rising 
until 24 h after treatment. Cisplatin incubation 

Figure 5. (A) Western blot analysis of cyclin A2, cyclin E2 and GAPDH in UM-SCC-47 and 93-VU-147T (HPV+; left 
panel) and UM-SCC-6 and UM-SCC-11b (HPV-; right panel) at indicated time points after treatment (x-irradiation 
and/or Cisplatin). (B/C) Grouped analysis comparing the relative change in the amount of cyclin A2 (B/C, upper 
panels) and cyclin E2 (B/C, lower panels) in HPV+ (B) and HPV- (C) HNSCC cells (Log2 scale). Values are normalized 
to the GAPDH control and the untreated control group.
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alone led to an early and stable decrease of 
both proteins; an effect, which was more pro-
nounced for the E7 than for the E6 protein 
(Figure 7B, 7C). 

The E6 protein expression was even more sup-
pressed through the combined treatment of 
x-rays and Cisplatin, whereas the decrease of 
the E7 expression was similar after Cisplatin 
and the combined treatment (Figure 7B, 7C). 
This decrease of expression of both proteins 
was significant in comparison to control (E7 at 
24 h: p = 0.0005; E6 at 24 h: p = 0.03; for 
IR+CDDP vs. control).

The decrease of the E6 and E7 expression did 
not lead to a stable increase in the expression 
of endogenous p53 in the HPV+ cells. Equally, 
we found no significant change of p53 protein 
levels in the HPV- cell lines (Figure 7A).

Discussion

Understanding of the molecular basis of the 
improved clinical treatment response of HPV-
related HNSCC as compared to HPV-unrelated 

tumors is prerequisite to adapt current treat-
ment strategies aiming at individualized, risk 
adapted approaches. As combined modality 
treatments in particular simultaneous radio- 
and chemotherapy using Cisplatin based regi-
mens are current treatment standard [9, 35], 
studying combined effects is of special interest 
in this context. With this understanding, it might 
moreover be possible to target characteristic 
features of HPV-related HNSCC to further 
improve treatment outcome.

Intrinsic sensitivity to irradiation and/or Cis-
platin

Beside extrinsic factors e.g. immune response, 
the intrinsic cellular sensitivity of HPV-related 
tumors to radiochemotherapy is a major factor 
determining treatment response. Current in 
vitro data investigating the intrinsic sensitivity 
are inconclusive [13, 23, 36-38]. We show on 
average an enhanced radiosensitivity of the 
group of HPV+ cell lines confirming our earlier 
report but noticed that radiosensitivity was 
diverse among cell lines in both groups and 

Figure 6. (A) Flow cytometric measurement of 
early and late apoptosis 24 h after treatment with 
irradiation and/or Cisplatin. Analysis of mean 
values for HPV+ and HPV- cell lines showing a 
statistically significant increase of apoptosis in 
HPV+ cells 24 h after the combined treatment 
(p = 0.03). (B) Correlation of surviving fraction 
at 2 Gy (see Figure 1I) and proportion of cells in 
subG1 phase (see Figure 3A and 3B); p = 0.02; 
rr = 0.62. (C) Correlation of surviving fraction at 
2 Gy and amount of Annexin-V positive cells 24 
h after treatment with 6 Gy x-rays and/or 10 μM 
Cisplatin (see Figure 3C); p = 0.003; r2 = 0.48. 
HPV+ cell lines: open symbols; HPV- cell lines: 
filled symbols.
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partly overlapping [13, 23, 36, 38]. Similarly, 
sensitivity against Cisplatin is reported hetero-
geneous [37, 39, 40] and possibly related to 
p53 mutation status rather than to HPV-status 
[41]. Our study clearly indicates increased sen-
sitivity of the group of HPV+ cells to Cisplatin. 
The conflicting results concerning radio- and 
Cisplatin-sensitivity may be attributed to the 
small number of HPV+ cell lines available and 
tested, to differences in methodology as well 
as to the fact, that some authors used cell 
lines, which were transfected with E6/E7 but 
not derived from HPV-related tumors. In addi-
tion, increasing evidence exists, that the group 
of HPV-related HNSCC is heterogeneous [42, 
43] as are the investigated cell lines. 
Specifically, Lechner et al. [43] found in patient 
samples that HPV+ tumors had a distinct epi-
genetic signature in which two main sub-groups 
could be distinguished, which also distin-
guished patients in terms of outcome. Also, in 
the group of HPV-related tumors, the presence 

of additional risk factors like alcohol and smok-
ing impacts on prognosis [4, 42], which seems 
to be related to a higher mutational burden 
[39]. Furthermore HPV+ tumors with higher 
chromosome instability show an unfavorable 
prognosis [44]. For all HPV+ cell lines used in 
this study we recently mapped HPV16 DNA 
integration sites and showed aneuploidy indi-
cating that these cell lines represent a suitable 
in vitro model [45].

Importantly, the combined effect of irradiation 
and Cisplatin on cell survival was significantly 
higher in the group of HPV+ cells. Cisplatin 
therefore sensitized HPV+ cell lines far more to 
radiation than HPV- cell lines. Combined thera-
py like used in this study best reflects clinical 
treatment regimes. To our knowledge this is the 
first study showing this effect in vitro, which is 
in accordance to the clinical observation that 
patients with HPV-related tumors better 
respond to radiochemotherapy [4]

Figure 7. (A) Western blot analysis of p53 and GAPDH in UM-SCC-47 and 93-VU-147T (HPV+; left panel) and  
UM-SCC-6 and UM-SCC-11b (HPV-; right panel) at indicated time points after treatment. For HPV+ cell lines the 
amount of HPV-16 E6 and E7 is additionally shown. (B/C) Dot plots comparing the relative change of E6 (B) and 
E7 (C) after treatment in HPV+ cell lines. All values are normalized to the GAPDH control and to the control group 
(Log2 scale). 
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Compromised cell cycle arrest and induction of 
apoptosis

The HPV-encoded oncogene E7 mainly acts 
through inhibition of the retinoblastoma tumor 
suppressor protein (pRB) and herewith abro-
gates the G1/S-checkpoint at the level of cyclin 
dependant kinase inhibitors and promotes 
active replication regardless of cell damage 
and environment [39, 46]. We therefore investi-
gated cell cycle progression and cell cycle regu-
lating cyclins after irradiation and/or Cisplatin 
treatment

Indeed, after irradiation HPV+ cells progressed 
faster into S phase and showed an enhanced 
and prolonged G2/M arrest, which was congru-
ent to the far higher and stable up regulation of 
Cyclin A2. This finding is supported by recent 
results proving that HPV+ cells have an impaired 
double strand break repair and tend to accu-
mulate double-strand breaks during the cell 
cycle without repair before entering the S phase 
[23, 36].

In our study all cell lines failed to arrest in G1 
phase, even after Cisplatin treatment, which 
often induces both, S and G1 arrest [47]. 
Instead, the number of cells in sub G1-phase 
was enhanced after Cisplatin treatment indi-
cating late stage cell death. Fojer et al. [48] 
showed that cells lacking a sufficient G1 arrest 
progress through S and G2 phase before cell 
death occurs. As the investigated cell lines 
indeed showed an increased S phase arrest 
and prolonged G2 arrest, especially in HPV+ 
cells, this mechanism seems likely for the stud-
ied HPV+ HNSCC cells.

The role of apoptosis in HPV+ cells was addi-
tionally confirmed by correlation of the amount 
of subG1 phase cells as well as Annexin V-FITC/
PI positive cells with the SF2 value after irradia-
tion only and after x-ray and Cisplatin treat-
ment. Thus we could prove that a higher rate of 
apoptotic cell death correlates to a lower SF2 
value. We herewith confirmed that enhanced 
apoptotic cell death contributes to the differen-
tial response of HPV+ and HPV- cell lines next 
to an impaired double-strand break repair  [23, 
36, 49, 50].

Noya et al. [49] and Nguyen et al. [50] reported 
that HPV E7 increases the expression of cyclins 
E and A and by this promotes malignant trans-

formation [51]. Furthermore, dysregulated 
Cyclin E expression induces chromosomal 
instability and initiates apoptosis [52, 53]. Both 
cyclins as part of the cyclin-dependent-kinase-
cyclin (CDK-cyclin) complex represent key pro-
teins in the transition from G1 to S phase (Cyclin 
E2), during S phase (Cyclin E2/A2) and from S 
to G2 phase (Cyclin A2). By correlating Cyclin 
E2 expression with apoptosis we were able to 
partly confirm this mechanism in the investi-
gated cell lines. The mechanism, how Cyclin E 
expression contributes to the enhanced cell 
death after Cisplatin treatment remains elusive 
[54]. We were able to prove that Cyclin A2 
expression was enhanced in HPV+ cell lines. It 
is however unclear if Cyclin A2 influences cell 
death pathways itself and reveals functions 
besides cell cycle regulation. To further investi-
gate the role of cyclins in HNSCC cell lines, co-
immunoprecipitation and knock-out experi-
ments investigating Cdk-cyclin complexes as 
well as downstream proteins are needed. 

Expression of oncoproteins HPV E6, E7 and of 
p53

In HPV- tumors, p53 is usually disrupted by 
mutations, whereas most HPV+ HNSCC har-
bour wild type p53, which can be reactivated by 
various treatments [5, 55]. We were able to 
show for the first time in HNSCC cells that radi-
ation enhances expression of HPV E6 and E7, 
which is in accordance to observations in HPV+ 
cervical cancer cells [56, 57]. This up-regula-
tion of oncoproteins due to x-irradiation associ-
ated with an improved response seems para-
dox. However, recent studies found that 
specifically high E7 expression leads to a 
delayed DNA damage repair, and higher rates 
of γH2AX foci [58]. By this mechanism, E7 can 
promote genomic instability and cell death due 
to unrepaired DNA double-strand breaks. An 
increased amount of γH2AX foci, reflecting 
unrepaired DSB, and correlation to survival in 
HPV+ cells has already been described [23, 
30]. Therefore, enhanced expression of E6 and 
E7 impairs DNA repair and by this leads to high-
er sensitivity in HPV+ cells against irradiation 
[59].

On the contrary, Cisplatin reduces HPV E7 and 
E6 expression, an effect that is also known in 
HPV+ cervical cancer cells [60] but has not 
been described in HNSCC before. The com-
bined effect of irradiation and Cisplatin even 
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more effectively reduces E7 and E6 expression. 
This might explain the higher rate of apoptosis 
of HPV+ cells, as down regulation of E6 and E7 
has been shown to increase apoptosis in 
HNSCC cells [61]. Li et al. [5] proved that down-
regulation of E6 by siRNA can retrieve p53 func-
tion promoting apoptosis and cell cycle arrest 
[5]. However, we noticed no change of the 
endogenous p53 level, even if combined treat-
ment strictly decreased E6 and E7 levels. This 
observation could be due to the fact that 
Cisplatin does not only reduce E6 and E7 
expression but rather acts via DNA-adduct for-
mation in HNSCC [62] and by this influences 
expression of far more proteins than the spe-
cific action of siRNA against HPV genes.

In conclusion, cell cycle dysregulation together 
with down-regulation of HPV E6 and E7 proteins 
leading to enhanced rates of apoptosis seem to 
be the basis for the enhanced sensitivity of 
HPV+ HNSCC cells to the combined effect of 
x-irradiation and Cisplatin. Functional investiga-
tions of p53 and p53- dependent and indepen-
dent pathways will address the question, 
whether this effect is p53 dependent. Current 
discussions are ongoing whether chemothera-
py can be avoided especially in the adjuvant 
setting aiming at reduction of side effects. Our 
investigations however point at combined 
effects of irradiation and Cisplatin to be rele-
vant in mediating the enhanced therapeutic 
response of HPV-related HNSCC. Our data 
speak in favor of a possible reduction of the 
total absorbed radiation dose rather than at 
avoiding Cisplatin. Thus, combined effects of 
irradiation and cytostatics but especially tar-
geted drugs should be further investigated. 
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