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Abstract

Leukoplakia is a potential precursor of oral as well as laryngeal squamous cell carcinoma. Risk assessment of malignant
transformation based on the grade of dysplasia of leukoplakia often does not lead to reliable results. However, oral squamous
cell carcinoma, laryngeal squamous cell carcinoma, and leukoplakia express single or multiple members of the melanoma-
associated antigens A (MAGE-A) family, while MAGE-A are absent in healthy mucosal tissue. The present study aimed at
determining if there is an association between the expression of MAGE-A in leukoplakia and malignant transformation to
oral or laryngeal squamous cell carcinoma. Paraffin-embedded tissues of 205 oral and laryngeal leukoplakia, 90
corresponding tumors, and 40 healthy oral mucosal samples were included in the study. The grade of dysplasia of the
leukoplakia samples was determined histopathologically. The leukoplakia samples were divided into lesions that
transformed to oral and laryngeal squamous cell carcinoma (n =91) and lesions that did not (n = 114) during a 5 years
follow-up. The expression of MAGE-A3/6 and MAGE-A4 was analyzed by real-time RT-PCR. The expression of MAGE-A
1-4, 6, and 12 was determined by immunohistochemistry. A total of 59.3% of the transforming leukoplakia expressed at
least one of the examined antigens as opposed to an expression rate of 3.5% of all non-transforming leukoplakia. There was
no MAGE-A expression in healthy oral mucosa. The risk of malignant transformation was statistically significantly
associated with MAGE-A expression in immunohistochemistry (p < 0.001) and real-time RT-PCR (MAGE-A3/6, p =0.001;
MAGE-A4, p=0.002) analyses. There was no significant association between MAGE-A expression and the grade of
dysplasia (“low-grade”, DO/DI1; “high-grade”, D2/D3) in immunohistochemistry (p =0.412) and real-time RT-PCR
(MAGE-A3/6, p =0.667; MAGE-A4, p = 0.756). It seems that the analysis of the MAGE-A expression profile may support
the identification of leukoplakia at risk for malignant transformation. Therefore, efforts should be made to establish this
analysis as a routine procedure in addition to conventional histopathology.

Head and neck squamous cell carcinomas, including the
oral squamous cell carcinoma and the laryngeal squamous
cell carcinoma are the most common tumor entities among
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malignant disorders of the head and neck and the frequency
of their occurrence in the population is high [1, 2]. Their
prognosis still remains poor due to their frequent detection
in advanced stages of disease [3—6]. Both types of tumor
can develop with varying frequency from potentially pre-
cancerous lesions like leukoplakia [7, 8]. The range of
malignant transformation from leukoplakia to squamous
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cell carcinoma amounts from 0.13% to 34% for oral leu-
koplakia and from 0% to 64.7% for laryngeal leukoplakia,
respectively [9—12].

Today, prediction of the malignant potential is traditionally
based on the histomorphologically determined severity of
dysplasia. It is postulated that with the increase of severity of
dysplastic changes the risk of malignant transformation into
squamous cell carcinoma rises [8—10, 13]. However, oral
leukoplakia with absence of dysplastic changes show malig-
nant transformation in up to 16% and laryngeal leukoplakia
with absence of dysplasia show malignant transformation
rates of up to 3.7% of the cases [8, 14]. Also spontaneous
regression of severe dysplastic altered lesions has been
observed [15-17]. Additionally, the exact determination of
the grade of dysplasia depends on a subjective pathological
assessment and is difficult to reproduce due to a large degree
of inter- and intra-examiner variability [18, 19]. However,
objective and reliable markers apart from the determination of
the severity of dysplasia for the risk assessment of malignant
transformation are missing [20, 21]. Therefore, methods for
an early detection of high-risk lesions and risk assessment of
patients with leukoplakia are needed. In the past, several
specific molecular markers have been described to be possible
tools to predict the behavior of leukoplakia. However, out of
these none found entry into routine clinical diagnostics yet
because of their low sensitivity, low specificity and their
limited reproducibility of observed results as described in
previous clinical trials [22-25].

The melanoma-associated antigen A (MAGE-A) expres-
sion is exclusively restricted to testis, placenta tissues, and a
number of solid malignant tumors, including oral squamous
cell carcinoma and laryngeal squamous cell carcinoma. It is
completely absent in healthy mucosal tissues [26-33]. It was
already demonstrated that at least one of the 10 members of
the MAGE-A family is expressed in 93% of oral squamous
cell carcinoma tissues and in 46.2% of laryngeal squamous
cell carcinoma tissues, whereas no expression could be
observed in healthy oral mucosa [29, 30, 34]. Additionally,
the expression of MAGE-A could be detected in oral pre-
cancerous lesions including oral leukoplakia. Furthermore, an
association between the occurrence of MAGE-A and malig-
nant transformation of oral leukoplakia was already assigned
[22, 23, 33]. There are only a few studies investigating the
MAGE-A expression profile in oral precursor lesions and
malignant transformation to oral squamous cell carcinoma.
Additionally, these studies only included a small number of
patients. Investigations of the MAGE-A expression profile in
laryngeal precursor lesions and malignant transformation to
laryngeal squamous cell carcinoma do not exist.

Therefore, the aim of this study was to check whether the
detection of MAGE-A is a useful tool to identify oral and
laryngeal leukoplakia with high risk of an imminent
malignant transformation.

Material and methods
Material
Tissue samples and patient collective

The study was approved by the Ethics Committee of the
University of FErlangen-Niirnberg, Erlangen, Germany
(approval number: 3962) and performed in accordance with
the Declaration of Helsinki.

In total, 342 formalin-fixed paraffin-embedded tissues of
a historical patient collective collected between 1994 and
2014 were provided from the Department of Pathology,
University Hospital Erlangen and from the Department of
Pathology, University Hospital Halle (Saale). The samples
were located either in the oral cavity or in the larynx.

In the following, the term leukoplakia symbolizes a
clinically visible white plaque on the mucosa that cannot be
wiped away and cannot be attributed to other diseases or
disorders that carry no increased risk for cancer [17]. Fur-
ther histological specifications of clinically apparent leu-
koplakia are subsequently given as the histologically
determined grade of epithelial dysplasia.

Specimens classified as healthy oral mucosa, oral leu-
koplakia, laryngeal leukoplakia (summarized as leukopla-
kia), proliferative verrucous leukoplakia, and oral and
laryngeal squamous cell carcinoma (summarized as squa-
mous cell carcinoma) were used in this study. There is
evidence that erythroplakia and speckled leukoplakia harbor
more often precancerous changes than conventional leuko-
plakia and even reveal the highest malignant potential
among potentially precancerous lesions [17]. In this study
none of the examined oral and laryngeal leukoplakia
appeared clinically to be erythroplakic or speckled.

Samples were divided into 4 groups:

Group 1 consisted of 91 progressing leukoplakia that
proceeded into squamous cell carcinoma within a time
period of 5 years. The sample material was obtained by
biopsy.

Group 2 consisted of 114 non-progressing leukoplakia
that did not proceed into squamous cell carcinoma within a
time period of 5 years. The sample material was obtained by
biopsy.

Group 3 consisted of 90 corresponding squamous cell
carcinoma tissues of the previously mentioned precursor
lesions in group 1. The sample material was obtained during
tumor resection or if available by biopsy prior to tumor
removal.

Group 4 consisted of 47 healthy oral mucosal tissues that
were obtained from healthy volunteers during minor surgery
and served as controls.

Out of these samples 48 progressive (group 1), 50 non-
progressive oral leukoplakia specimens (group 2), 25
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Fig. 1 Distribution of leukoplakia into the different grades of dysplasia
including proliferative verrucous leukoplakia (a—c). Percentages of DO
and D1 leukoplakia within progressing (group 1) and non-progressing
(group 2) leukoplakia and identification of transforming leukoplakia
through MAGE-A expression (d, e). a Distribution of grades of dys-
plasia including proliferative verrucous leukoplakia within progressing
leukoplakia (group 1). b Distribution of grades of dysplasia including
proliferative verrucous leukoplakia within progressing (group 1) and
non-progressing leukoplakia (group 2). ¢ Distribution of grades of
dysplasia including proliferative verrucous leukoplakia within non-
progressing leukoplakia (group 2). d Percentages of progressing (LP*)
and non-progressing (LP) leukoplakia within investigated DO

healthy oral mucosal tissues (group 4), and 36 corre-
sponding oral squamous cell carcinoma tissues (group 3)
provided from the Department of Pathology, University
Hospital Erlangen, already found entry into investigations
of MAGE-A 1-4, 6, and 12 expression performed by
immunohistochemistry. About 24 progressive (group 1), 50
non-progressing oral leukoplakia specimens (group 2), 30
healthy oral mucosal tissues (group 4), and 18 corre-
sponding oral squamous cell carcinoma tissues (group 3)
additionally already were investigated for the expression of
MAGE-AL, 3, 4, 6, 10, and 12 performed by real-time RT-
PCR. Above-mentioned results from immunohistochemical
as well from molecular biological investigations have
already been published in 2012 [22, 23] and can be con-
sidered as preliminary work. In order to expand cases of
progressive oral leukoplakia, corresponding oral squamous
cell carcinoma tissues and non-progressive oral leukoplakia,
additional cases from the Department of Pathology, Uni-
versity Hospital Erlangen, between 2011 and 2014 were
included. To demonstrate the utility of MAGE-A expression
in immunohistochemical and molecular biological analyses
as a reliable predictive marker for risk assessment in leu-
koplakia, progressive and non-progressive oral and lar-
yngeal leukoplakia and corresponding oral and laryngeal
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leukoplakia (group 1 and group 2) and detection of the upcoming
malignant transformation through MAGE-A expression (pos.**).
e Percentages of progressing (LP*) and non-progressing (LP) leuko-
plakia within investigated D1 leukoplakia (group 1 and group 2) and
detection of the upcoming malignant transformation through MAGE-A
expression (pos.**). PVL proliferative verrucous leukoplakia, LP
percentage of non-progressing leukoplakia within all investigated DO
(D) and D1 (E) leukoplakia. LP* percentage of progressing leuko-
plakia within all investigated DO (D) and D1 (E) leukoplakia, Pos.**
percentage of the detection of the upcoming malignant transformation
in DO (D) and D1 (E) leukoplakia through MAGE-A expression

squamous cell carcinoma specimens between 1994 and
2014 were added from the Department of Pathology, Uni-
versity Hospital Halle (Saale), and investigated in a bi-
centric setting. The actual results substantiate the results
already obtained in earlier investigations for MAGE-A
expression as a molecular marker for risk assessment in oral
leukoplakia [22, 23] and show the transferability and utility
of the analysis of the MAGE-A expression profile in
immunohistochemical and molecular biological analyses
also in risk assessment for an upcoming malignant trans-
formation in laryngeal leukoplakia.

Clinical and histopathological data of healthy oral mucosa,
leukoplakia, and tumor specimens

All specimens were evaluated by three independent
pathologists to ensure consistent results. Tissue samples in
group 1 and 2 were histomorphologically classified as DO
for no, D1 for mild, D2 for moderate, and D3 for severe
epithelial dysplasia according to the guidelines of the
World Health Organization classification of tumors of the
head and neck (2005) and were grouped as “low-grade”
(DO/D1) precursor lesions standing for a potential “low-
risk” of malignant transformation and ‘“high-grade”
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(D2/D3) precursor lesions standing for a potential “high-
risk” of malignant transformation. For the diagnosis of
proliferative verrucous leukoplakia, histological criteria
like dense subepithelial lichenoid chronic inflammatory
infiltrate, wavy hyperorthokeratosis, and a warty exophytic
configuration were used [35]. Thus, the lesions included in
this study in the category of proliferative verrucous leu-
koplakia were not compatible with simple hyperkeratotic or
keratotic lesions. Due to the assessment of the grade of
dysplasia already completed in 2014 and the statistic eva-
luation largely completed before the appearance of the
current guidelines in 2017, the 3" Edition of the guidelines
of the World Health Organization classification of tumors
of the head and neck (2005) was used for histopathological
grading. The distributions of grades of dysplasia are shown
in Fig. la—c. Furthermore, the disease free survival which
corresponds to the time interval between diagnosis of leu-
koplakia (group 1) and occurrence of malignancy (group 3)
was ascertained. All invasive squamous cell carcinomas
were characterized for grading (differentiation), TNM
classification and clinical UICC-stage (I-IV) according to
the 7 Edition of the guidelines of the World Health
Organization and the International Union Against Cancer
[36, 37]. Lymph node status (N-status) was grouped as NO
for absent lymph node metastases and N+ for existent
lymph node metastases. Additionally, tumor specimens
were classified as well (G1), moderate (G2), and poor (G3)
differentiated. The clinical UICC-stage (I-IV) was deter-
mined and grouped as “early” (I+II) and “late” (IIT4-1V)
stages. Since tumor size and lymph node involvement were
not histopathologically determined in the majority of lar-
yngeal squamous cell carcinomas, the indication of the
TNM and the clinical UICC-stage was not possible for all
examined cases. Healthy oral mucosal tissues were only
used as controls if the absence of any epithelial dysplastic
changes and/or local inflammation was histologically
confirmed.

Methods

Detection of MAGE-A expression by
immunohistochemistry

Immunohistochemistry was performed by the Strept-
Avidin-Biotin method using the pan-specific monoclonal
antibody 57B (provided by Prof. Spagnoli, Basel, Switzer-
land) recognizing the antigens MAGE-A 1-4, 6, and 12.
2-um-thick tissue cuttings were dewaxed using xylene for
45 min and rehydrated gradually. Subsequently, the slices
were treated with a heat-based antigen retrieval method by
using an EDTA-buffer (pH 9.0; 10 mM) at 100 °C for 10
min. Staining was done using a “Dako Cytomation

Autostainer Plus” (Dako Diagnostika GmbH, Hamburg,
Germany) according to the manufacturer’s specifications.

The staining procedure in brief was as follows. Before
addition of the primary antibody, the tissue slides were
incubated in an Avidin solution (Dako X9590) for 15 min,
rinsed with wash buffer (Dako S3006; pH 7.6), and treated
with a Biotin solution in order to avoid the possibility of
false reaction of endogenous biotin. Then a protein block
with serum-free buffer (Dako X0909) was performed in
order to elude non-specific binding reactions. The antibody
was diluted (1:20) with antibody diluent (Dako S2022) and
applied to each sample for 60 min at room temperature. The
detection of the primary antibody was carried out by using a
boitinylated  anti-mouse/anti-rabbit-secondary ~ reagent
(Solution A; Dako REAL™ detection system K5005), fol-
lowed by the application of an alkaline-phosphate-strepta-
vidin-biotin-complex system (Solution B; Dako REAL™
detection system K5005) and Fast Red as chromogen. Next,
a counterstaining with haemalum (Dako REAL™ S3301)
was accomplished manually. Afterwards the slides were
dried and covered with “Aquatex®’ (Merck Chemicals
GmbH, Darmstadt, Germany).

Finally, all stained tissues were digitalized using the
method of “whole slide imaging” in cooperation with the
Institute of Pathology of the University of Erlangen-
Niirnberg using a Panoramic 250 Flash III Scanner (3D
Histech, Budapest, Hungary) in x40 magnification. Subse-
quently, all specimens were digitally analyzed (Case
viewer, 3D Histech, Budapest, Hungary). Screenshots of
single relevant areas of regions of interest were generated in
x10 and x20 magnifications for assessment of immuno-
histochemistry and documentation. Nuclear and/or cyto-
plasmic staining was defined as positive result. Specimen of
human testis was used as positive control in each staining
run.

RNA isolation and expression analysis of MAGE-A3/6
and MAGE-A4 by nested real-time RT-PCR

Prior to isolation all paraffin blocks were trimmed after
assessment and selection of suitable tissue areas to ensure
consistent proportions of at least 75% of tissue areas of
interest for investigation. Isolation from paraffin-embedded
tissues was performed using the “RNeasy FFPE kit” (Qia-
gen, Hilden, Germany) according to the manufacturer’s
specifications. RNA quality and quantity were measured
using the “NanoDrop 1000” (PeqLab Technologies, Erlan-
gen, Germany) according to the manufacturers’s instruc-
tions. For RT-PCR analysis a total of 100 ng for MAGE-A
expression analysis and a total of 50ng for GAPDH
expression analysis as internal control for RNA integrity
were used. Isolated RNA from formalin-fixed paraffin-
embedded human testis served as positive control. In the
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Fig. 2 Percentages of malignant transformation in relation to the grade
of dysplasia including proliferative verrucous leukoplakia within
progressive and non-progressive leukoplakia (group 1 and group 2).
a Percentages of malignant transformation in relation to the grade of
dysplasia including proliferative verrucous leukoplakia within inves-
tigated oral and laryngeal leukoplakia. b Percentages of malignant
transformation in relation to the grade of dysplasia including

first step reverse transcription and the first amplification
were carried out using the “One step RT-PCR kit” (Qiagen,
Hilden, Germany) as indicated by the manufacturer. For this
amplification step specific outer primers for the amplifica-
tion of MAGE-A3/6, MAGE-A4, and GAPDH were used.
The amplification was performed using the “PTC-200 Pel-
tier Thermal Cycler” (Bio Rad MJ Research, Hercules,
California, USA) and the thermal cycler “2720 Thermal
Cycler” (Applied Biosystems; Weltham, Massacusetts,
USA) for reverse transcription. Cycling conditions were as
follows. In the first step, RT-PCR activation was carried out
at 50 °C for 30 min and denaturation was done at 95 °C for
15 min, followed by 30 cycles of 94 °C for 30 s (denatura-
tion reaction), 60 °C for 30s (primer annealing reaction),
and 72 °C for 60 s (elongation reaction). The same proce-
dure was used for reverse transcription of GAPDH with the
difference of using 20 cycles for RT-PCR instead of 30.
All products from the first PCR reaction were diluted
(1:10 for MAGE-A1-6; 1:100 for GAPDH) and a total
volume of 1 ul of these solutions for each specimen was
used as template for highly sensitive second nested RT-PCR

SPRINGER NATURE

proliferative verrucous leukoplakia exclusively for leukoplakia located
in the oral cavity. ¢ Percentages of malignant transformation in relation
to the grade of dysplasia including proliferative verrucous leukoplakia
exclusively for leukoplakia located in the larynx. PVL proliferative
verrucous leukoplakia. LP (group 2); non-progressing leukoplakia. LP
(group 1); progressing leukoplakia

reaction using the “Power SYBR®-Green PCR kit”
(Applied Biosystems, Weiterstadt, Germany). The detection
of specific mRNA was carried out using the “ABI Prism
7300 Sequence Detection System” (Applied Biosystems,
Weiterstadt, Germany) with gene-specific inner primers for
nested real-time RT-PCR amplification were used.

Cycling conditions for nested RT-PCR were as follows.
Initial denaturation/enzyme activation was performed at
95 °C for 10 min, followed by 40 cycles of denaturation at
95 °C for 15s and annealing/elongation reaction at 60 °C
for 60s. Each nested RT-PCR study was performed in
duplicates. To evaluate the formation of the right amplifi-
cation product, melting curve analysis was performed in
each PCR reaction [22, 23]. Cycle number 30 was defined
as cut-off to indicate positive or negative MAGE-A3/6 and
MAGE-A4 expression.

Statistics

For evaluation of the results, the statistical software package
SPSS 21 (SPSS Inc., Chicago, Illinois, USA) was used.
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Table 1 Associations of MAGE-A, MAGE-A3/6, and MAGE-A 4 expression and the localization in the oral cavity and the larynx in progressing

leukoplakia investigated by immunohistochemistry and real-time RT-PCR

RT-PCR IHC DFS

MAGE-A3/6 MAGE-A4 MAGE-A
Localization n + % of cases p-value n + % of cases p-value n + % of cases  p-value p-value
Oral 43 8 18.6 33 3 9.1 53 33 623 79 weeks
Laryngeal 21 1 4.8 0.135 18 3 167 0.422 38 20 526 0.358 118 weeks  0.036

RT-PCR real-time RT-PCR, /HC Immunohistochemistry, DFS disease free survival, p-values less than 0.05 are written in bold

Associations between MAGE-A expression determined by
nested RT-PCR and immunohistochemistry in precancerous
lesions (group 1 and group 2), the grade of dysplasia and
cancer development were analyzed by the chi-squared test
(y*-test) or the Mann-Whitney U test. Associations in
expression analysis of MAGE-A3/6, MAGE-A4 and
MAGE-A in group 3 and histopathological parameters
(grading, tumor size, lymph node status and clinical UICC-
stage) were analyzed by the chi-squared test (y*-test) or the
Mann—Whitney U test. Demographic, clinical, and histo-
pathological results were generated by the chi-squared test
(*-test) or the Mann-Whitney U test. P-values less than
0.05 were considered to indicate statistical significance.

Results

Clinical features, demographic, and
histomorphological data of the collective

In this study, 342 formalin-fixed paraffin-embedded tissues
were examined in total for the expression of MAGE-A3/6
and MAGE-A4 by nested real-time RT-PCR, and for the
expression of MAGE-A (14, 6 and 12) using the pan-
specific antibody MAGE-57B by immunohistochemistry.
In total, 91 of all cases in group 1 matched criteria of
progressing oral and laryngeal leukoplakia into oral and
laryngeal squamous cell carcinoma in a period of 5 years.
Forty nine (54%) and forty two (46%) of these cases were
provided from the Department of Pathology of the Uni-
versity Hospital in Erlangen and from the Department of
Pathology of the University Hospital in Halle (Saale),
respectively. Fifty three (58%) precancerous lesions were
located in the oral cavity and thirty eight (42%) in the lar-
ynx. There were no statistical significant differences con-
sidering the localization in the oral cavity, the larynx, and
the affiliation to precancerous specimen material from
Erlangen or Halle (Saale) (p =0.14). Sixty seven (74%)
patients were male and twenty four (26%) were female. The
gender distribution matched between included cases from
Erlangen and Halle (Saale) (p =0.971). The mean age
amounted to 60 years (min: 33 years; max.:75 years/ SD +9

years) at the time of diagnosis of leukoplakia for patients
from Erlangen and 63 years (min: 41 years; max.: 92 years/
SD + 10 years) for patients from Halle (Saale) with no
significant difference between both centers (p =0.154). All
grades of dysplasia (D0O-D3) were present. There was a
majority of DO and D1 (65%) within transforming leuko-
plakia (Fig. la). Two leukoplakia were classified as pro-
liferative verrucous leukoplakia. Malignant transformation
was significantly associated (p <0.001) with increasing
grade of dysplasia when all leukoplakia were taken into
account (group 1 and group 2) (Fig. 2a). The same sig-
nificant results were observed when oral leukoplakia (p =
0.005; Fig. 2b) and laryngeal leukoplakia (p = 0.005;
Fig. 2c) were taken individually into account. In total the
mean disease free survival amounted to 95 weeks and was
not significantly different between patients from Erlangen
(mean: 104 weeks) and Halle (Saale) (mean: 85 weeks)
(p =0.363). Additionally, the disease free survival was
independent of the histopathologically determined grade of
dysplasia (p =0.409). There was a weak statistical
significant difference concerning the mean disease free
survival for oral leukoplakia (79 weeks) and laryngeal
leukoplakia (118 weeks) (p =0.036; Table 1).

In total 114 of all cases in group 2 matched criteria of
non-progressing oral and laryngeal leukoplakia in a period
of 5 years. About fifty nine (52%) and fifty five (48%) of
these cases were provided from the Department of Pathol-
ogy of the University Hospital in Erlangen and from the
Department of Pathology of the University Hospital in Halle
(Saale), respectively. Eighty two (72%) precancerous
lesions were located in the oral cavity and thirty two (28%)
in the larynx. There was a significant difference considering
the localization and the affiliation of leukoplakia samples to
one of both centers (p <0.001). Seventy one (62%) of the
patients were male and forty three (38%) were female. The
samples matched in gender between Erlangen and Halle
(Saale) (p =0.147). The mean age amounted to 53 years
(min.: 23 years; max.: 81 years/ SD + 13 years) at the time
of diagnosis of leukoplakia. The average age of patients
from Erlangen was significantly higher compared to that of
patients from Halle (Saale) (p = 0.008). All grades of dys-
plasia (D0-D3) were present. Two specimens were
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Fig. 3 Representative immunohistochemical staining results for
MAGE-A in progressing leukoplakia, non-progressing leukoplakia,
normal oral mucosa, corresponding tumor specimen and human testis
(positive control). a Representative staining result of a progressing DO
leukoplakia (group 1) with MAGE-A expression. b Representative
staining result of a progressing D2 leukoplakia (group 1) with MAGE-
A expression. ¢ Representative staining result of a non-progressing
D3 leukoplakia (group 2) with absent MAGE-A expression.

classified as proliferative verrucous leukoplakia. The mean
observation period for non-progressing leukoplakia
amounted to 593 weeks for patients from Erlangen and
747 weeks for patients from Halle (Saale). In total the mean
period under review within non-progressing leukoplakia
amounted to 667 weeks and was significantly higher for
patients from Halle (Saale) (p <0.001).

The comparison of group 1 and group 2 revealed sig-
nificant differences in the mean age (p <0.001), the locali-
zation in the oral cavity or the larynx (p =0.04) and the
distribution of grades of dysplasia (p <0.001).

Group 3 (oral and laryngeal squamous cell carcinoma)
consisted of 90 corresponding tumor specimens of the
previously mentioned precursor lesions of group 1.

Within group 1 and 3, eighty five (93%) matching
specimens, precursor lesions and corresponding tumors
were available for investigation. In five (6%) cases only
the corresponding tumors of group 3 and in six (7%) cases
only the precursor lesions of group 1 were accessible for
investigation. Tumor size (T-status) was available for fifty
three (59%) tumor samples. Six (7%) tumor samples
turned out to be carcinoma in situ (Cis). The corre-
sponding lymph node status (N-status) was available for
thirty eight (42%) tumor samples. Additionally, the tumor
grade was determined. All grades of differentiation
(G1-G3) were present. Clinical UICC-stage was raised for
forty one (46%) patients. Healthy oral mucosal tissues
from healthy volunteers in group 4 were used as controls
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d Representative staining result of normal oral mucosa (group 4) with
absent MAGE-A expression. e Representative staining result of a
MAGE-A positive corresponding tumor specimen (group 3).
f Representative staining result of human testis (positive control) with
MAGE-A expression. Nuclear and/or cytoplasmatic staining was
considered to indicate positive MAGE-A expression. Illustrations were
carried out in x40 magnification

based on the absence of any epithelial dysplastic changes
and/or local inflammation. All healthy oral mucosal
samples in group 4 originated from Erlangen and were
located exclusively in the oral cavity.

MAGE-A expression in leukoplakia, corresponding
tumors, and healthy oral mucosa analyzed by
immunohistochemistry

In total, 330 specimens found entry into expression analyses
performed by immunohistochemistry. Representative
examples for positive and negative staining results of pro-
gressing and non-progressing leukoplakia, corresponding
tumors, healthy oral mucosa, and human testis (positive
control) are displayed in Fig. 3.

Within progressing leukoplakia in total fifty three
(58.2%) specimens showed MAGE-A expression, whereas
thirty eight (41.8%) showed no MAGE-A expression.
Positive and negative cases were equally distributed among
patients from Erlangen and Halle (Saale) (p=0.14).
Additionally, no significant differences concerning MAGE-
A expression and localization in the oral cavity or in the
larynx were found (p = 0.358; Table 1). Grouped grades of
dysplasia as “low-risk” (D0O/D1) and “high-risk” (D2/D3)
dysplasia within progressing leukoplakia showed no sig-
nificant difference concerning MAGE-A expression (p =
0.412; Table 2). The estimation of an upcoming malignant
transformation was possible in seventy two (60.5%) cases
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Table 2 Associations of grouped
grades of dysplasia and MAGE- RT-PCR IHC
A, MAGE-A3/6, and MAGE- MAGE-A3/6 MAGE-A4 MAGE-A
A4 expression in progressing
leukoplakia investigated by Grade of dysplasia n + % of p-value n + % of p-value n + % of p-value
immunohistochemistry and real- (grouped) cases cases cases
time RT-PCR
D0/D1 45 6 133 36 4 111 59 32 542
D2/D3 17 3 17.6 14 2 143 30 19 633
DO0/D1 vs. D2/D3 0.667 0.756 0.412
RT-PCR real-time RT-PCR, /HC immunohistochemistry
Table 3 Associations of MAGE-
A, MAGE-A3/6 and MAGE-A 4 RT-PCR He
expression and histopathological MAGE-A3/6 MAGE-A4 MAGE-A
characteristics in corresponding
tumor specimens investigated by n  + % of cases p-value n + % of cases p-value n + % of cases p-value
immunohistochemistry and real- -
time RT-PCR Tumor size
1 29 10 345 23 3 13.0 37 27 73.0
2 15 5 333 7 4 571 13 10 76.9
3 2 1 50 2 1 50 36 3 8.3
4 6 1 167 3 1 333 6 4 66.7
Cis 3 1 333 0856 4 1 250 0.18 5 4 80.0 0.845
Tumor size (grouped)
T1/T2 41 15 36.6 30 7 233 50 37 74.0
T3/T4 8 2 250 0529 5 40.0 0430 9 7 718 0.881
Lymph node status
NO 23 6 26.1 15 4 267 29 21 724
N+ 7 3 429 0343 5 40.0 0483 7 6 85.7 0.426
Grade of differentiation
1 16 5 313 10 0 O 18 12 66.7
2 35 16 457 25 8 320 43 33 76.7
3 12 4 333 0546 9 3 333 0.115 17 12 70.6 0.868
Clinical UICC-stage
I/l (early) 23 10 43.5 15 4 267 28 22 8.6
IV (late) 11 2 18.2 0149 6 3 500 0306 12 9 750 0.804

IHC immunohistochemistry, RT-PCR real-time RT-PCR, Cis carcinoma in situ, NO without lymph node
infestation, N+ with lymph node infestation

among DO leukoplakia (Fig. 1d) and in fifty one (42.9%)
cases among D1 leukoplakia (Fig. le) by occurrence of
MAGE-A expression. Both examined proliferative verru-
cous leukoplakia which progressed into carcinoma showed
MAGE-A expression. Disease free survival was indepen-
dent of MAGE-A expression (p = 0.730).

Within non-progressing leukoplakia, in total, four spe-
cimens revealed MAGE-A expression. Both examined
proliferative verrucous leukoplakia that did not progress
into malignancy showed no MAGE-A expression.

In corresponding tumors no significant association
between the T-status and MAGE-A expression was appar-
ent (p =0.845; Table 3), even after grouping into “small”
(T1/T2) and “large” (T3/T4) malignancies (p=0.811;
Table 3). Furthermore, there was no significant association

concerning existent (N+) and absent (NO) lymph node
metastases and MAGE-A expression (p = 0.426; Table 3).
According to the grading, there was no significant asso-
ciation between the differentiation status and MAGE-A
expression (p=0.868; Table 3). Additionally, no sig-
nificant association between the grouped clinical
UICC-stage for “early” (UICC-stages I and II) and “late”
(UICC-stages III and IV) stages and MAGE-A expression
(p =0.804; Table 3) was found.

Within specimens of healthy oral mucosa, none of the 37
tissues showed MAGE-A expression.

Statistical analysis revealed that MAGE-A expression in
progressing leukoplakia was significantly different com-
pared to non-progressing leukoplakia (p <0.001; Table 4).
The same significant results were observed for comparison

SPRINGER NATURE



1076

C. A. Baran et al.

Table 4 Associations of MAGE-

A, MAGE-A3/6, and MAGE- RT-PCR HC
A4 expression in progressing MAGE-A3/6 MAGE-A4 MAGE-A
leukoplakia (group 1), non-
progressing leukoplakia (group Group n + % ofcases p-value n + % of cases p-value n + % of cases p-value
2), corresponding tumor
specimens (group 3) and normal 1 64 9 141 51 6 118 91 53 582
oral mucosa (group 4) 2 90 0 0 79 0 0 114 4 3.5
?nvesﬁga}:_ed bﬁ _ 4 real 1vs.2 0.001 0.002 0.001
immunohistochemistry and real-
time RT-PCR 1 64 9 141 51 6 118 91 53 582
4 40 0 0 29 0 0 37 0 0
1vs. 4 0.013 0.055 0.001
2 90 0 0 79 0 0 114 4 3.5
4 40 0 0 29 0 0 37 0
2vs. 4 n.d. n.d. 0.248
1 64 9 141 51 6 118 91 53 582
3 69 26 377 51 12 235 88 63 71.6
1vs.3 0.002 0.119 0.062

RT-PCR real-time-RT-PCR, /HC immunohistochemistry, n.d. not determinable, p-values less than 0.05 are

written in bold

of MAGE-A expression between progressing leukoplakia
and healthy oral mucosa (p <0.001; Table 4). However, no
significant difference concerning MAGE-A expression
between non-progressing leukoplakia and healthy oral
mucosa could be ascertained (p = 0.248; Table 4). More-
over, MAGE-A expression was not significantly different
between progressing leukoplakia and corresponding tumors
(p =0.062; Table 4). Hence, expression of MAGE-A
(specificity: 0.965) in tissues is highly specific for the
detection of malignancy and progressing leukoplakia. Based
on the calculated prevalence of 44.3% for progressing leu-
koplakia within all investigated leukoplakic lesions (group
1 and group 2), the resulting test accuracy amounted to a
positive predictive value of 93.0% and a negative predictive
value of 74.3%. Comparing group 1 and 2, the sensitivity
for the detection of progressing leukoplakia amounted to
58.2% (positive: 53/91; negative: 38/91). Hence, occurring
MAGE-A expression in progressing leukoplakia proved to
be a highly reliable predictor for malignant transformation
(p <0.001).

Expression of MAGE-A3/6 and MAGE-A4 in
leukoplakia, corresponding tumors, and healthy
oral mucosa analyzed by real-time RT-PCR

In total, 263 specimens were available for expression ana-
lysis of MAGE-A3/6 and 210 specimens for expression
analysis of MAGE-A4 by nested real-time RT-PCR.
Representative results for expression analyses in progres-
sing leukoplakia non-progressing leukoplakia, correspond-
ing carcinomas, healthy oral mucosa, human testis (positive
control), and GAPDH (internal control) are displayed,
respectively, in Fig. 4.
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Within progressing leukoplakia in nine (14.1%) cases the
expression of MAGE-A3/6 was detectable, whereas in fifty
five (85.9%) MAGE-A3/6 expression was missing. Con-
cerning MAGE-A4 six (11.8%) cases showed MAGE-A4
expression and forty five (88.2%) cases showed no MAGE-
A4 expression. Progressing leukoplakia which showed
MAGE-A4 expression were equally distributed among
Erlangen and Halle (Saale) (p = 0.409), whereas MAGE-
A3/6 expression was significantly different between Erlan-
gen and Halle (Saale) (p =0.01). No significant differences
for MAGE-A3/6 (p = 0.135; Table 1) and MAGE-A4 (p =
0.422; Table 1) expression concerning the localization in
the oral cavity or in the larynx were found.

Grouped grades of dysplasia as “low-risk” (D0/D1) and
“high-risk” (D2/D3) dysplasia within progressing leuko-
plakia showed no significant difference concerning MAGE-
A3/6 (p=0.667; Table 2) or MAGE-A4 (p=0.756;
Table 2) expression. Disease free survival within group 1
was independent of whether MAGE-A3/6 (p =0.078) or
MAGE-A4 (p =0.281) was expressed.

Within non-progressing leukoplakia no lesion showed
expression of MAGE-A3/6 or MAGE-A4, respectively. The
resulting specificity for the detection of leukoplakia with
absent risk of malignant transformation amounted to 100%
for MAGE-A3/6 as well as for MAGE-A4.

Statistical investigations of the association between
MAGE-A3/6 and MAGE-A4 expression and risk of
malignant transformation in group 1 revealed high statistical
significance for MAGE-A3/6 (p<0.001; Table 4) and
MAGE-A4 (p = 0.002; Table 4).

In group 3, there were no significant associations
between the T-status and MAGE-A3/6 expression (p =
0.856; Table 3) or MAGE-A4 (p=0.18; Table 3),
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Fig. 4 Expression analysis of progressing leukoplakia, non-
progressing leukoplakia, corresponding squamous cell carcinoma,
normal oral mucosal tissue, and human testis (positive control) carried
out by RT-PCR. a Representative results of expression analyses for
positive MAGE-A3/6 expression. b Representative results of expres-
sion analyses for positive MAGE-A4 expression. ¢ The quality of

respectively, even after grouping into “small” (T1/T2) and
“large” (T3/T4) malignancies (MAGE-A3/6: p =0.529;
MAGE-A4: p = 0.430; Table 3). No significant associations
between absent (NO) and existent (N+) lymph node
metastases and MAGE-A3/6 (p=0.343; Table 3) or
MAGE-A4 expression (p =0.483; Table 3) could be
detected. The same applies for the differentiation status
(grading) and MAGE-A3/6 (p = 0.546; Table 3) or MAGE-
A4 (p =0.115; Table 3) expression. Furthermore, we could
not detect any significant associations between MAGE-A3/
6 expression (p =0.149; Table 3), MAGE-A4 expression
(p =0.306; Table 3), and grouped clinical UICC-stages.

Out of the investigated healthy oral mucosal tissues and
non-progressing leukoplakia none expressed MAGE-A3/6
or MAGE-A4.

Cycle Number

RNA was assessed by amplifying cDNA using GAPDH as internal
control. LP* progressing leukoplakia (group 1), LP non-progressing
leukoplakia (group 2), SCC squamous cell carcinoma (group 3), NOM
normal oral mucosa (group 4), Testis human testis (positive control),
Neg. negative control reaction without cDNA template

Statistical analysis revealed a significant difference
between progressing leukoplakia and non-progressing leu-
koplakia for MAGE-A3/6 (p = 0.001; Table 4) and MAGE-
A4 expression (p = 0.002; Table 4). There was a significant
difference between progressing leukoplakia and healthy oral
mucosa (p =0.013; Table 4) for MAGE-A3/6 but not for
MAGE-A4 expression (p =0.055; Table 4). A statistical
significant difference concerning MAGE-A3/6 expression
in progressing leukoplakia and corresponding tumors could
be ascertained (p = 0.002; Table 4). However, no significant
difference between group 1 and group 3 could be demon-
strated for MAGE-A4 expression (p =0.119; Table 4).

The sensitivity for the detection of progressing leuko-
plakia amounted to 14.1% (positive: 9/64; negative: 55/64)
for MAGE-A3/6 and 11.8% (positive: 6/51; negative: 45/
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51) for MAGE-A4 expression. Values for specificity were
100% for MAGE-3/6 and 100% for MAGE-A4. The test
accuracy revealed a positive predictive value of 100% for
the detection of progressing leukoplakia and a negative
predictive value of 62.1% for the actual discovery of non-
progressing leukoplakia within a time period of 5 years for
MAGE-A3/6 and a positive predictive value of 100% and a
negative predictive value of 63.7% for MAGE-A4.

Combinations of MAGE-A expression by
immunohistochemistry and MAGE-A3/6 and MAGE-
A4 by real-time RT-PCR analyses as a “multi-marker
system”

When combining results for expression analyses for
MAGE-A by immunohistochemistry and MAGE-A3/6 and
MAGE-A4 by real-time RT-PCR as a “multi-marker sys-
tem” the sensitivity amounted to 16.7% with a specificity of
100% for positive expression of all markers. The positive
predictive value was up to 100% with a simultaneous
negative predictive value of 83.5% for the combination of
all markers. The combination of MAGE-A and MAGE-A3/
6 expression revealed a sensitivity of 26.5% and a specifi-
city of 100% with a resulting positive predictive value of
100% and a negative predictive value of 77.7%. The sen-
sitivity was 25.0% for the combination of MAGE-A and
MAGE-A4 with a specificity of 100%. The positive pre-
dictive value amounted to 100% with a negative predictive
value of 83.9% for this composition. Finally a sensitivity of
7% with a specificity of 100% was calculated for concurrent
expression of MAGE-A3/6 and MAGE-A4. The resulting
positive value amounted to 100% with a negative predictive
value of 65.8% for co-expression of MAGE-A3/6 and
MAGE-A4 detected by real-time RT-PCR analyses.

Discussion

Up to date, risk assessment and management of premalignant
oral and laryngeal lesions depend on clinical appearance and
histopathological grading of epithelial dysplasia performed by
single or serial incisional biopsy [38, 39]. The utilization of
different grading systems concerning architectural and cyto-
logical changes often does not lead to reliable results in the
determination of the grade of dysplasia and the prediction of
the malignant potential. Additionally, grading of epithelial
dysplasia is essentially subjective and depends on the
experience and the individual interpretation of the presence
and the degree of histological changes. Both circumstances
lead to a significant amount of intra- and inter-examiner
variability [18, 19]. Hence, reliable and objective prognostic
parameters including molecular markers are needed as tools
for risk assessment in oral and laryngeal leukoplakia [20, 21].
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Although, many molecular biomarkers such as MAGE-A
or the epithelial growth factor receptor are currently dis-
cussed to be useful tools for the diagnosis of oral and lar-
yngeal squamous cell carcinoma, none of them found entry
into clinical routine so far [25, 29-32, 40—43]. The expres-
sion of MAGE-A in healthy human tissues is exclusively
restricted to testis and placenta tissues. However, its detec-
tion in various cancer entities including oral and laryngeal
squamous cell carcinoma and even in precursor lesions of
oral squamous cell carcinoma was already demonstrated
[22, 23, 33]. Nevertheless, the above-mentioned studies
which examined precursor lesions only included a small
number of patients and additionally investigated only leu-
koplakia localized in the oral cavity to illustrate the relia-
bility for its use as a diagnostic tool in clinical routine. In
addition, these studies were restricted to a single cancer
center. Therefore, the present study aimed to back up the
usefulness of MAGE-A expression in oral leukoplakia by
comparing precursor lesions which showed a malignant
transformation within a time period of 5 years with lesions
that did not show the development into carcinoma by
increasing the number of oral leukoplakia cases. Moreover,
leukoplakia localized in the larynx were investigated to
check the applicability of MAGE-A expression as a pre-
dictive marker for malignant transformation also in laryngeal
leukoplakia. To the best of our knowledge, the recent study
is the first one to investigate a 5 years follow-up in oral as
well as in laryngeal leukoplakia on such a large bi-centric
collective. Additionally, to date investigations of MAGE-A
expression in laryngeal leukoplakia in regard to the asso-
ciation with malignant transformation into laryngeal squa-
mous cell carcinoma do not exist. The present study is the
first one to analyze the expression of MAGE-A by immu-
nohistochemistry and real-time RT-PCR in oral and lar-
yngeal leukoplakia in parallel. Hence, in order to confirm the
importance of expression analysis of MAGE-A to determine
the risk of malignant transformation, we increased the
number of cases of a previously in Erlangen performed and
already published pre-random study with additional speci-
mens of oral leukoplakia, corresponding oral squamous cell
carcinomas, laryngeal leukoplakia, and corresponding lar-
yngeal squamous cell carcinomas from two independent
centers. By expanding the examinations on laryngeal leu-
koplakia, we expected new insights into tumor development
on the basis of precursor lesions in the laryngeal area, too.

In this study, the statistical association between the risk
of malignant transformation and increasing grade of dys-
plasia in oral as well as in laryngeal leukoplakia could be
confirmed [8—10, 13]. Nevertheless, the proportion of low
dysplastic DO and D1 leukoplakia in the group of pro-
gressing lesions was high. Leukoplakia histopathologically
assessed as DO (41.8%) and D1 (23.1%) represent within
progressing leukoplakia the majority in our study.
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Furthermore, within all DO and D1 leukoplakia the pro-
portion of DO leukoplakia revealed transformation rates of
31.9% while transformation rates of 46.7% were even
higher for DI leukoplakia. This illustrates the major pro-
blem of a substantial and not negligible number of pre-
cancerous lesions that are judged as “low-risk” lesions by
histomorphological assessment of dysplasia, but develop
into carcinoma. It is now of primary importance to identify
these precancerous lesions in order not to misjudge their
malignant potential which could lead to a medical under-
supply of the patient.

It could be shown that MAGE-A expression in pro-
gressing leukoplakia was not significantly associated to
grouped grades of dysplasia histopathologically categorized
as “low-risk” lesions (DO/D1), or D2 and D3 categorized as
“high-risk” lesions. Hence, it could be claimed that the
detection of leukoplakia, especially of DO and D1 lesions at
risk of malignant transformation could be detected in 60.5%
of all progressing DO leukoplakia and in 42.9% of all pro-
gressing D1 leukoplakia more reliable by MAGE-A
expression than just by determination of the histopatholo-
gically determined grade of dysplasia. Additionally, two
progressing and two non-progressing proliferative verru-
cous leukoplakia were investigated. As they represent a
different and to this day not understood entity of unknown
origin, different to conventional leukoplakia [35, 44], these
four specimens were also analyzed. Since the determination
of the grade of dysplasia in these lesions is not carried out
by histological assessment, the association of MAGE-A
expression performed by immunohistochemistry and RT-
PCR and grade of dysplasia for proliferative verrucous
leukoplakia was not possible. Despite proliferative verru-
cous leukoplakia specimens are clearly underrepresented,
interestingly both progressing proliferative verrucous leu-
koplakia expressed MAGE-A in immunohistochemistry,
whereas both non-progressive proliferative verrucous leu-
koplakia showed no MAGE-A expression in immunohis-
tochemistry. There were no histomorphological differences
between both progressing and both non-progressing pro-
liferative  verrucous leukoplakia concerning above-
mentioned criteria of histological diagnosis. Therefore, it
could be suggested that expression analyses of MAGE-A
could serve as a prognostic tool in proliferative verrucous
leukoplakia, too. However, it has to be mentioned that due
to the small number of two progressing and two non-
progressing proliferative verrucous leukoplakia no cases of
verrucous carcinoma were investigated. For that reason, no
meaningful statement can be made regarding MAGE-A
expression and malignant transformation to verrucous car-
cinoma of these lesions. This question needs to be evaluated
in future studies comprising larger series of proliferative
verrucous leukoplakia lesions and verrucous carcinoma but
would go beyond the scope of the current study.

The disease free survival was not significantly associated
with positivity for MAGE-A, as already described [22, 23].
This could be demonstrated for laryngeal leukoplakia, too.
Hence, it could be assumed that there is no difference
between oral and laryngeal leukoplakia concerning MAGE-
A expression and disease free survival. Furthermore, the
disease free survival was independent of the grade of dys-
plasia. Moreover, within leukoplakia which did not show
malignant transformation, only four specimens showed
positivity exclusively for MAGE-A by immunohistochem-
istry. This result of non-transforming leukoplakia does not
match findings in previous studies which have shown no
expression of MAGE-A in non-progressing oral leukoplakia
[23]. The reason for positive cases in the recent investiga-
tion is likely to be caused by the unclear data situation or the
specific development of malignancy or tumor resection in
another cancer center. However, the exact reason for
MAGE-A positivity in these few cases remains unknown.

In the present study, we could not reproduce the already
described percentage rates of 85.4% in progressing oral
leukoplakia and 86.1% in corresponding tumors for
MAGE-A expression determined by immunohistochemistry
[23]. Our results amount to a sensitivity of 58.2% for the
risk of an upcoming malignant transformation in leukopla-
kia and a percentage of 65.3% positive corresponding tumor
specimens with a high specificity of 96.5%. This difference
to previous investigations is likely caused by the larger case
number and a different distribution of grades of dysplasia,
but not by the inclusion of leukoplakia located in the lar-
yngeal area or by inclusion of cases from another cancer
center as our results show. However, due to the limited
sample material and the restricted sample size, expression
analyses by real-time RT-PCR were selectively performed
for the genes MAGE-A3/6 and MAGE-A4. These two
genes of the MAGE-A family seem to be the most suitable
genes for the diagnosis of oral squamous cell carcinoma and
the prediction of malignant transformation of oral leuko-
plakia due to their highest expression rates in oral squamous
cell carcinoma as determined in our previous research [22].

For expression analyses of MAGE-A3/6 and MAGE-A4
by real-time RT-PCR results for sensitivity were clearly
lower than in immunohistochemistry. The reason for the
lower sensitivity in RT-PCR could be that the pan-specific
monoclonal antibody 57B recognizes the antigens MAGE-
A 1-4, 6, and 12 in immunohistochemistry, whereas in RT-
PCR analyses only the genes MAGE-A3/6 and MAGE-A4
were evaluated. Nevertheless, a high specificity of 100%
could be reached for MAGE-A3/6 and MAGE-A4. On one
hand, due the low expression rates of MAGE-A3/6 and
MAGE-A4 in progressing leukoplakia, it seems that
expression analyses of MAGE-A by immunohistochemistry
are more reliable for the detection of leukoplakia at risk of
an imminent malignant transformation. On the other hand,
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due to their high specificity, expression analyses of MAGE-
A3/6 and MAGE-A4 by RT-PCR could support as con-
firmatory test for the affirmation of an absent progression in
cases of absent MAGE-A expression ascertained by
immunohistochemistry in leukoplakia. The currently low
sensitivity for the detection of leukoplakia at risk of
malignant transformation determined by MAGE-A3/6 and
MAGE-A4 expression in RT-PCR could be solved by
adding and analyzing further genes of the MAGE-A family,
as already described [22, 31].

Our results may have impact in patient-specific treat-
ment. To date therapy strategies in management of leuko-
plakia focus on “watchfull waiting”, non-surgical
application of local therapeutics and photodynamic therapy,
serial incision biopsies, or excision biopsy and laser-
evaporation depending on the determined grade of dyspla-
sia and clinically apparent extension of the leukoplakia
[7, 39, 45, 46]. In the present study in more than half of
transforming DO and D1 leukoplakia the development into
carcinoma could be detected by MAGE-A expression.
Therefore, the detection of MAGE-A already in the early
stages of DO and D1 leukoplakia could indicate a more
aggressive surgical treatment and closer inspection intervals
[47-49]. Thus, undersupply due to a wait-and-see attitude
and the inevitable misjudgment produced by local not
representative incision biopsies that underdiagnose dys-
plastic lesions and even mask oral squamous cell carcinoma
could be avoided [47]. In addition, no progress into carci-
noma in more than 85% of non-transforming leukoplakia
could be confirmed in D2 and D3 leukoplakia through
absent MAGE-A expression. This observation could indi-
cate a cautious attitude regarding surgical treatment and
avoid overtreatment of leukoplakia. Expression analyses of
melanoma-associated antigens could thus support to predict
malignant transformation in histopathological assessment
and help in therapy planning in oral and laryngeal leuko-
plakia. In connection with the treatment options another
aspect should be mentioned.

It is known that antigen-specific target therapies and the
polyvaccination against MAGE-A are already applied in
various cancer entities and are discussed to be useful in oral
squamous cell carcinoma therapy [50, 51]. Due to their
restricted expression in leukoplakia they appear to be ideal
targets for specific immunotherapies in precancerous
lesions, too. Hence, the expression analysis in precancerous
lesions could possibly lead to new effective methods that
counteract malignant transformation. This could ultimately
lead to a reduction in the incidence and consequently to a
decrease of the mortality of oral and laryngeal squamous
cell carcinoma.

The suggestion of the authors is that further efforts in
identifying conventional and proliferative verrucous oral
and laryngeal leukoplakia with high risk of a malignant
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transformation need to be a central focus in prospective
investigations with larger patient collectives in multi-center
studies analyzing the whole panel of all MAGE-A family
members in RT-qPCR in order to increase the sensitivity of
the diagnostic method.
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