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Abstract. Radiotherapy alone, or as an addition to surgery 
is important for the treatment of head and neck squamous 
cell carcinoma (HNSCC). In addition to their expression 
in germ cells, melanoma associated antigens‑A (MAGE‑A) 
are only expressed in malignant tissue. Notably, there is a 
known correlation between MAGE‑A9 expression and poor 
prognosis in HNSCC patients. However, current knowledge 
regarding the function of MAGE‑A9 expression, particularly 
in the context of irradiation, is limited. MAGE‑A9 expres-
sion in 37 oral squamous cell carcinoma patents was 
immunohistochemically determined and analyzed for 
overall survival by the Kaplan‑Meier log‑rank test. Next, 
the expression of MAGE‑A9 was determined by reverse 
transcription‑quantitative polymerase chain reaction in 
HNSCC cell lines prior to and following irradiation with 
2 Gray. The radiosensitivity of each cell line was determined 
using a clonogenic survival assay. There was a significantly 
(P=0.0468) longer overall survival in patients with a low 
level of MAGE‑A9 expression. The median overall survival 
in patients with high MAGE‑A9 expression was 47% 
compared to 73% in the group with low MAGE‑A9 expres-
sion. The cell lines revealed a distinct expression pattern of 
MAGE‑A9. Following irradiation of the cell lines, a signifi-
cant enhancement of MAGE‑A9 mRNA expression levels 

was observed. The most prominent alteration in MAGE‑A9 
expression was observed in the most radioresistant cell line. 
A high MAGE‑A9 expression level correlates significantly 
with lower overall survival in HNSCC patients. Additionally, 
irradiation increased the MAGE‑A9 mRNA levels in all 
five HNSCC cell lines, and the most resistant cell line 
demonstrated the greatest increase in MAGE‑A9 expression 
following irradiation.

Introduction

Approximately 690,000 new cases of head and neck cancer 
(including oral cavity, lip, nasopharynx, other pharynx 
and larynx) were reported worldwide in 2012. Head and 
neck cancers represent approximately 4.8% of all cancer 
cases  (1). The cumulative overall 5‑year survival remains 
poor at approximately 50% (2). The improvement observed 
in the last decade in head and neck cancer survival may 
be due to a higher incidence of human papilloma virus asso-
ciated head and neck cancer rather than to more effective 
therapy (3,4).

Radiation therapy is an important part of head and neck 
cancer therapy. Radiotherapy is used in addition to surgical 
treatment (neoadjuvant or adjuvant) or as the primary treat-
ment, often in combination with chemotherapy (5,6).

Melanoma‑associated antigens‑A (MAGE‑A) are a part 
of the cancer/testis antigen (CTA) family (7). Recognized 
by T‑cells, the MAGE‑A proteins are a promising target 
for cancer immunotherapy and cancer vaccination (8‑10). 
Expression of MAGE‑A has been found in stem cells, 
placentae, ovaries, testes (7,11) and malignancies, such as 
bronchial carcinoma, malignant melanoma, breast cancer, 
urothelial carcinoma, prostate cancer and head and neck 
cancer  (12). Notably, MAGE‑A expression is found in 
leukoplakia with dysplasia, or carcinoma in situ but not in 
ulcers, lichen planus or leukoplakia without dysplasia (13). 
MAGE‑A tumor antigens are frequently expressed in head 
and neck squamous cell carcinoma (HNSCC) primary 
tumors, recurrent tumors as well as in lymph node metas-
tasis (14). High expression levels of MAGE‑A in HNSCC 
tumors are predictive for a poor overall survival (15,16). The 
correlation between the expression of a particular MAGE‑A 
subgroup and the treatment efficiency of chemotherapeutic 
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drugs was reported by our group earlier (17‑19). Han et al 
showed that there is a significant correlation between high 
MAGE‑A9 expression levels and a low overall survival in 
laryngeal squamous cell carcinoma patients  (20). Similar 
findings were reported for hepatocellular and renal cell 
carcinoma as well as breast, ovarian, lung and colorectal 
cancer (21‑26).

Because radiotherapy is the backbone of non‑surgical 
treatment and is often used in addition to surgical treatment for 
head and neck cancer, an investigation of MAGE‑A9 expres-
sion in this context is crucial.

Thus, the present study was designed to address the 
following two important aspects: First, to investigate the 
prognostic value of MAGE‑A9 expression in HNSCC patients, 
and, second, analyse the influence of irradiation on MAGE‑A9 
expression to obtain a more detailed understanding of the 
interactions between irradiation and MAGE‑A9 as a potential 
marker of radioresistance.

Materials and methods

Data collection. Paraffin‑embedded head and neck squa-
mous cell carcinoma (HNSCC) tissue samples were collected 
from the archives of the Department of Pathology at the 
University of Würzburg. All samples with follow‑up data of 
at least a year were included in our study. The tumour sites 
were located on the tongue, lip, tonsil, cheek, palate, and 
oropharynx.

This study was approved by the Ethics Committee of the 
University of Würzburg; the reference number is 20160508 01.

Immunohistochemical staining of MAGE‑A9. MAGE‑A9 
expression levels in all tissue samples were analysed by 
immunohistochemical staining with the MAGE‑A9 antibody 
(sc‑130811; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) diluted to a concentration of 1:10. The detection was 
performed using the DAKO Advance+ detection system 
(DakoCytomation, Pathology Products Dako Deutschland 
GmbH, Hamburg, Germany) with DAB as the chromogen. 
Hematoxylin was used for counterstaining. The staining inten-
sity was analysed by using the immunoreactive score (IRS) of 
Remmele and Steger (27). The immunoreactive score (IRS) 
was calculated as the product of the amount of staining (SI) 
(0: No reaction; 1: Weak reaction; 2: Moderately high reac-
tion; 3: Strong reaction) and the number of positive cells (PP) 
(0: Negative; 1: <10% positive cells; 2: 10‑50% positive cells; 
3: 21‑80% positive cells; 4: >80% positive cells)  (27). The 
mean IRS was calculated, and patients with an IRS below the 
mean were considered ‘MAGE‑A9 low’, and the others were 
considered ‘MAGE‑A9 high’.

Cell lines. The cell lines were cultured in an atmosphere of 
5% CO2/95% air at 37˚C. We split the cells two to three times 
per week. All cell lines were isolated from male patients at 
the Cancer Institute of the University of Pittsburgh  (28) 
(for details see Table I). The cells were cultured in a low‑glucose 
DMEM medium (Gibco, Carlsbad, USA) supplemented with 
10% foetal bovine serum (Gibco, Carlsbad, USA), 2  mM 
L‑Glutamine (Biochrom, Berlin, Germany) and 1% Pen/Strep 
(Promocell, Heidelberg, Germany).

Irradiation. For the X‑irradiation, a 6 MV Siemens linear 
accelerator (Siemens, Concord, CA, USA) was used at a dose 
rate of 2 Gy/min.

RNA isolation and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). After separating the cells 
from the culture plate, RNA isolation was performed using 
the TRIzol reagent (Ambion, Carlsbad, CA, USA). The RNA 
concentration was measured using a Nano Drop 2000 (Thermo 
Fisher Scientific, Waltham, MA, USA). The RNA concentra-
tion was determined at a wavelength of 260 nm, using fully 
desalinated water as the blank. All samples were adjusted to a 
concentration of 0.2 µg RNA/ml.

Reverse transcription was performed in two steps. In the first 
step, the samples were cleaned of DNA contamination using 
a gDNA Wipeout Buffer (Qiagen, Venlo, the Netherlands), 
by heating to 42˚C for 2 min and then cooling on ice. In the 
second step, the reverse transcription was performed using the 
QuantiTect Reverse Transcription kit (Qiagen). The incuba-
tion temperature was 42˚C for 15 min, and the denaturation 
temperature was 95˚C for 3 min. The detailed compositions of 
the reverse transcription reactions, step 1 and 2 are shown in 
the Tables II and III.

PCR was performed using a QuantiTect SYBR‑Green 
PCR kit 200, QuantiTect Primer Assays (MAGE‑A9: 
Hs_MAGEA9_1_SG, QT00230874 and β‑actin: Hs_ACTB 
_2_SG, QT0168047) (all from Qiagen) and a C1000 Thermal 
Cycler (Bio‑Rad, Hercules, CA, USA). The composition of 
the PCR and the PCR cycling conditions are provided in the 
Tables IV and V. The quantitative expression levels of the 
tested genes were calculated as a ratio to the expression level 
of β‑actin.

Cells were plated in Petri dishes 24 h before irradiation 
with a dose of 2 Gy. Cells were harvested, and RNA was 
isolated 24 and 48 h after irradiation. Non‑irradiated cells 
were used as controls.

Clonogenic survival assay. Cell survival was analysed using 
a clonogenic survival assay. The number of irradiated cells 
plated in Petri dishes depended on the radiation dose and the 
cell line. The irradiated cells were cultured in a humidified 
atmosphere (5% CO2 at 37˚C) for two weeks. At the end of 
the two weeks, the cells were fixed using methanol and acetic 
acid in a ratio of 3:1 and stained using 0.1% crystal violet. All 
colonies consisting of >50 cells were included for analysis.

The mean survival data were fitted to the following linear 
quadratic (LQ) model: SF=exp(‑αX‑βX2), where SF is the 
survival fraction, X is the irradiation dose, and α and β are the 
fitted parameters.

Statistics. All statistical calculations were carried out using 
GraphPad PRISM 6.04 (GraphPad Software, Inc., La Jolla, 
CA, USA). Comparisons of clinical parameters between 
the MAGE‑A9 high and low group were carried out by an 
unpaired t test.

The tumour samples were allocated to a group with either 
a lower or a higher level of MAGE‑A9 expression compared 
to the median level. The overall survival of the patients in the 
two groups was compared using a Kaplan‑Meier plot with a 
log‑rank test.
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We analysed the impact of the irradiation dose (2 Gy) 
on the MAGE‑A9‑fold change with the use of a Wilcoxon 
matched‑pairs signed rank test. The correlation between the 
clonogenic cell survival and the expression of MAGE‑A9 
subgroups was determined using linear regression. A P‑value 
<0.05 was considered significant.

Results

Patient data. We included a total of 37 patients in this retrospec-
tive analysis. Based on their MAGE‑A9 IRS, 19 patients were 
assigned to the ‘MAGE‑A9 high’ group, and 18 patients were 
assigned to the ‘MAGE‑A9 low’ group. The mean age was 
57.88 years (SD ± 11.20) in the MAGE‑A9 high group and 
55.92 years (SD ± 11.51) in the MAGE‑A9 low group. The 
mean Union for International Cancer Control (UICC) stage 
was 2.765 (SD ± 1.251) and 2.706 (SD ± 0.9852) for MAGE‑A9 
high and MAGE‑A9 low, respectively. The mean T stage was 
2.588 (SD ± 1.176) in the high expression group and 2.471 
(SD ± 1.068) in the low expression group. The mean N stage 
was 0.5625 (SD ± 0.8921) for the high expression group and 
0.6000 (SD ± 0.7368) for the low expression group. None of 
these parameters showed significant differences between 
the two groups (age P=0.6033; UICC P=0.8800; T stage 
P=0.7620; N stage P=0.8991) (Fig. 1). For three patients, data 
on the UICC stage, T stage and N stage were not available 
(two in the MAGE‑A9 low group, one in the MAGE‑A9 high 
group).

MAGE‑A9 expression is correlated with a shorter overall 
survival. Patient survival was significantly (P=0.0468) longer 
in the group with low MAGE‑A9 expression compared to 
the group with high MAGE‑A9 expression (Fig.  2). The 
surviving fraction after 5  years was 47.4% for the high 
MAGE‑A9 expression group and 73.7% for the low expression 
group.

Radiosensitivity is different in the cell lines. Cell line‑specific 
survival after treatment with radiotherapy was measured with 
a clonogenic survival assay. As shown in Table VI, there were 
distinct differences in the cell line‑specific survival among 
the investigated cell lines. Measuring the survival fraction 
after radiation with 2 Gy (SF2), the cell line PCI 9‑1 had the 
lowest SF2 (SF2=0.184), and the cell line PCI 68‑1 had the 
highest SF2 (SF2=0.479) (Table VI). Intermediate SF2s were 
determined for the cell lines PCI 13‑1 (SF2=0.421), PCI 52 
(SF2=0.349) and PCI 1‑1 (SF2=0.239). In addition, a calcula-
tion of the radiation dose, which was necessary to achieve a 
surviving fraction of 0.1 (D10), suggests that the PCI 9‑1 cell 
line was the most radiosensitive cell line (D10=2.693 Gy), 
and the PCI 68‑1 cell line was the most radioresistant cell 
line (D10=5.745 Gy) (Table VI). Similar to the SF2 measure-
ments, the second highest D10 was observed in the cell line 
PCI 13‑1 (D10=4.533 Gy), the third highest in the cell line 
PCI 52 (D10=3.998 Gy) and the second lowest in the cell 
line PCI 1‑1 (D10=3.228 Gy), as shown in Table VI.

Irradiation induces MAGE‑A9 expression. We next analysed 
the fold-change of MAGE‑A9 expression by RT‑PCR in relation 
to the non‑irradiated control cells, adjusted to the housekeeping 
gene β‑actin. After 24 h, the average MAGE‑A9 expression 
was increased by 1.31 (PCI 1‑1: 1.74; PCI 9‑1: 1.12; PCI 13‑1: 
0.43; PCI 52: 1.00; PCI 68‑1: 2.24); however, this fold-change 
was not significantly different from that of the non‑irradiated 
controls (P=0.3125). After 48 h, the average MAGE‑A9 expres-
sion was increased by 4.08‑fold compared to the non‑irradiated 
controls (PCI 1‑1: 3.24; PCI 9‑1: 1.95; PCI 13‑1: 1.63; PCI 52: 

Table V. PCR protocol.

Repeats	 PCR‑step	 Duration	 Temperature

  x1	 Polymerase activation	 15 min	 95˚C
x40	 Denaturation	 15 sec	 94˚C
x40	 Annealing	 30 sec	 50‑60˚C
x40	 Elongation	 30 sec	 72˚C
x40	 Read data		

Table IV. Composition of PCR.

SYBR‑Green Master mix	 12.5 µl

Quantitect primer assay	 2.75 µl
cDNA	 2.5 µl
H2O	 7.25 µl

Table III. Composition reverse transcription step 2.

Quantiscript reverse transcriptase	 1 µl

Quantiscript RT buffer, 5X	 4 µl
RT primer mix	 1 µl
Purified RNA sample	 14 µl

Table II. Composition reverse transcription step 1.

gDNA Wipeout buffer, 7X	 2 µl

Template RNA	 5 µl
RNase‑free water	 7 µl

Table I. Names, origin, TNM‑classification and grading of the 
cell lines.

		  TNM‑
Cell line	 Origin	 classification	 Grading

PCI 1‑1	 Larynx (glottis)	 pT2 N0 M0	 G2
PCI 9‑1	 Base of tongue	 pT4 N3 M0	 G2
PCI 13‑1	 Retromolar triangle	 pT4 pN1 M0	 G3
PCI 52	 Aryepiglottic fold	 pT2 N0 M0	 G2
PCI 68‑1	 Tongue	 pT4 N0 M0	 G1
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1.62; PCI 68‑1: 11.95). Compared to the non‑irradiated controls, 
the enhancement of MAGE‑A9 expression was statistically 
significant (P=0.0313) (Fig. 3). Additionally, the fold-change 
of MAGE‑A9 expression was time‑dependent as we observed 
an increase in the expression level of all of the cell lines from 
the 24 h measurements to the 48 h measurements. Based on a 
Wilcoxon matched‑pairs signed rank test, this finding is also 
statistically significant (P=0.0313).

Importantly, the most prominent fold-change of MAGE‑A9 
expression was observed in the PCI 68‑1 cell line (24 h after 
irradiation: 2.24, 48 h after irradiation: 11.95). Based on the 
clonogenic assay, the PCI 68‑1 cell line was also the most 
radioresistant cell line (D10=5.75 Gy). However, the correla-
tion between MAGE‑A9‑fold change and radiosensitivity of 
the five investigated cell lines was not statistically significant 
(R2=0.5648, P=0.1430) but showed a trend.

Discussion

To the best of our knowledge, we are the first to report on 
irradiation and MAGE‑A9 expression in head and neck 
cancer cells. We show a correlation between poor overall 
survival and MAGE‑A9 expression in a cohort of head and 
neck cancer patients. Furthermore, we provide evidence that 
MAGE‑A9 mRNA expression is induced by irradiation. 
This effect is time‑dependent and significant. The most 
radioresistant cell line showed the most prominent increase 
in MAGE‑A9 expression; however, linear regression 
analysis did not show a statistically significant correlation 
between MAGE‑A9 induction and radiosensitivity for any 
tested cell line.

Adjuvant radiotherapy in addition to surgery is an 
essential element of therapy for closed or positive margin 

and/or nodal positive HNSCC to improve locoregional tumour 
control (5,29,30). Primary radiotherapy is a potentially curative 
option in surgical unresectable HNSCC, often in combination 
with radiosensitizing chemotherapy (6). Both adjuvant and 
primary radiotherapies have a positive influence on disease 
eradication and overall patient survival (5,6,29,30).

The nearly exclusive expression of the MAGE‑A family 
members in malignancies makes them an interesting subject 
for cancer research (16,13,31). As shown by Figueiredo et al, 
MAGE‑A tumour antigens are frequently expressed in 
HNSCC (31). Simultaneous cytoplasmic and nuclear protein 
expression of MAGE‑A has been identified as an independent 
marker for poor survival in HNSCC patients (15). Compared 

Figure 2. Overall survival of patients with a low vs. a high level of 
MAGE‑A9‑tumour expression. By the immunohistochemical grade of 
MAGE‑A9 expression, the patients were divided to a group of low (n=19) 
or high (n=18) MAGE‑A9 expression. The overall survival is significantly 
(P=0.0468) lower in the group with a high level of MAGE‑A9 expression. The 
surviving fraction at five years was 73.7% for the MAGE‑A9 low group and 
47.4% for the MAGE‑A9 high group. MAGE, melanoma associated antigens.

Figure 1. Patient data in both groups shows balanced cohorts for MAGE‑A9 high and MAGE‑A9 low. MAGE, melanoma associated antigens.
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to cancer/testis antigens, e.g., New York oesophageal 
squamous cell carcinoma‑1 (NY‑ESO‑1), MAGE‑A antigens 
are significantly more often expressed in epithelial cancers 
(123 (3.4%) vs. 815 (22.2%) of 3668 epithelial cancer cases), 
particular in HNSCC (6 (3.8%) vs. 71 (41.7%) of 158 HNSCC 
cases) (32). MAGE‑A1‑6 expression in patients' sputum corre-
lated with higher incidences of a second primary cancer and 
poor oncologic outcome in larynx and hypopharynx squamous 
cell carcinoma patients (33), and high MAGE‑A expression 
levels are correlated with malignant transformation of oral 
leukoplakia (34).

Recently, it has been shown that MAGE‑A9 expression 
in laryngeal, hepatocellular and renal cell carcinoma, as well 
as in breast, ovarian, lung and colorectal cancer, is a nega-
tive prognostic marker (20‑26). Based on our patient cohort, 
we can confirm a significant correlation (P=0.0468) between 
high MAGE‑A9 expression levels and lower overall patient 
survival. Importantly, both groups were well balanced in terms 
of age, UICC stage, T stage and N stage. These parameters 
are well‑known confounds of overall survival in head and 
neck cancer patient cohorts. One limitation of our study is 
that patients' HPV status was unknown. However, the age of 
approximately 60 years, high T stage and low N stage indicate 
a more classical, HPV‑negative cohort. Additionally, the tissue 
collection was performed approximately 15 years prior to this 
study, when the rate of HPV‑related HNSCC was lower.

There are only a few studies concerning the role of MAGE‑A 
expression in cancer cells. Various groups have reported on the 
direct and indirect inhibitory effects of MAGE‑A proteins on 
the function of the tumour suppressor p53 (35‑37), suggesting a 
role of MAGE‑A proteins in DNA damage response. Recently 
the effect of MAGE‑A11 expression on cisplatin resistance in 
HNSCC cells could be shown (38).

The results of the qPCR showed a clear and time‑dependent 
increase of MAGE‑A9 mRNA expression after irradiation 
with 2 Gy. Interestingly, Picard  et  al observed an induc-
tion of MAGE‑A9 expression in bladder cancer cells after 
treatment with chemotherapeutic drugs as the methylation 
inhibitor 5‑AZA‑DC was induced (39). A further upregula-
tion of MAGE‑A9 expression was observed by co‑incubation 
of the deacetylase inhibitors MS‑275 and 4‑phenylbutyrate 
together with 5‑AZA‑DC but not with either agent alone (39). 
The gene silencing by promoter hypermethylation and histone 
deacetylation were shown for the subgroups MAGE‑A1, 
MAGE‑A2, MAGE‑A3 and MAGE‑A12 in different human 
cancer cells (40).

Cacan et al showed that irradiation with 5 Gy increases the 
histone acetylation in colorectal cancer cells (41). It could be 

hypothesized that the irradiation‑induced histone acetylation 
causes MAGE‑A9 upregulation after irradiation. Based on 
The Cancer Genome Atlas data, MAGE‑A9 copy number gain 
or amplification is highly significantly correlated with Rac1 
gain or amplification (P<0.001). Rac1 is one of the key proteins 
responsible for cancer cell motility and tissue invasion while 
interacting for example with the cytoskeletal protein lamel-
lipodium. Additionally, the co‑occurrence of alterations 
in MAGE‑A9 and Rac1 is highly significantly associated 
with poorer overall survival (median survival in the altered 
group: 35.45 months; in the unaltered group: 67.81 months; 
P=0.00299) in HNSCC (42,43). Rac1 is a known factor contrib-
uting to chemoresistance and radioresistance, particularly in 
HNSCC (44‑46).

Our findings provide evidence for a link between irradia-
tion and MAGE‑A9 expression. Because irradiation is a major 
treatment in head and neck cancer, and given that MAGE‑A9 
expression has been shown to be a marker of a worse prognosis 
in several tumor entities, including head and neck cancer, this 
link warrants further investigation.

MAGE‑A9 protein could be an interesting candidate to 
become part of a biomarker panel for personalized therapy, 
because of the prognostic characteristics and the potential role 
as a target protein.

High MAGE‑A9 expression levels correlated signifi-
cantly with shorter patient survival in head and neck 

Table VI. Mean value of the surviving fraction (SF) after irradiation with 2 Gy, D10 (Gy), α (Gy‑1) and β (Gy‑2).

Cell line	 SF2	 D10 (Gy)	 α (Gy‑1)	 β (Gy‑2)

PCI 1‑1	 0.239±0.010	 3.228	 0.311±0.011	 1.4E‑15±0.003
PCI 9‑1	 0.184±0.017	 2.693	 0.357±0.030	 0.005±0.006
PCI 13‑1	 0.421±0.029	 4.533	 0.162±0.021	 0.013±0.004
PCI 52	 0.349±0.058	 3.998	 0.207±0.059	 0.011±0.014
PCI 68‑1	 0.479±0.034	 5.745	 0.152±0.021	 0.004±0.003

Figure 3. Fold-change of MAGE‑A9 after irradiation. After irradiation of five 
HNSCC cell lines with a dose of 2 Gy, the MAGE‑A9 expression was ana-
lysed by RT‑PCR. 48 h after irradiation there was a statistically significant 
increase in the MAGE‑A9 mRNA level in relation to β‑actin. HNSCC, head 
and neck squamous cell carcinoma; MAGE, melanoma associated antigens.
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squamous cell carcinoma patients. MAGE‑A9 mRNA 
levels were significantly elevated by irradiation with 2 Gy 
in five head and neck squamous cell carcinoma cell lines. 
The most prominent fold-change in MAGE‑A9 expres-
sion was observed in the most radioresistant cell line. Thus, 
MAGE‑A9 may play a role in radioresistance in head and neck 
cancer.
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