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MAGE-A antigens in lesions of the oral mucosa
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Abstract Oral squamous cell carcinoma develops continu-
ously out of predamaged oral mucosa. For the physician and
pathologist, difficulties arise in distinguishing precancerous
from cancerous lesions. MAGE-A antigens are tumor
antigens that are found solely in malignant transformed
cells. These antigens might be useful in distinguishing
precancerous from cancerous lesions. The aim of this study
was to verify this assumption by comparing MAGE-A
expression in benign, precancerous, and cancerous lesions
of the oral mucosa. Retrospectively, biopsies of different oral
lesions were randomly selected. The lesions that were
included are 64 benign oral lesions (25 traumatic lesions
(oral ulcers), 13 dental follicles, and 26 epulis), 26 oral
lichen planus, 123 epithelial precursor lesions (32 epithelial
hyperplasia found in leukoplakias, 24 epithelial dysplasia
found in leukoplakias, 26 erythroplasia with oral epithelial
dysplasia, and 41 carcinomas in situ in erythroleukoplakias).
The lesions were immunohistochemically stained with the
poly-MAGE-A antibody 57B, and the results were com-
pared. Biopsies of oral lichen planus, oral ulcers, dental
follicles, epulis, and leukoplakia without dysplasia showed
no positive staining for MAGE-A antigens. Leukoplakia
with dysplasia, dysplasia, and carcinomata in situ displayed
positive staining in 33%, 65%, and 56% of the cases,

respectively. MAGE-A antigens were not detectable via
immunohistochemistry in benign lesions of the oral mucosa.
The staining rate of dysplastic precancerous lesions or
malignant lesions ranged from 33% to 65%. The MAGE-A
antigens might facilitate better differentiation between
precancerous and cancerous lesions of the oral mucosa.
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Introduction

Oral squamous cell carcinoma is the sixth most common
cancer in the Western world [1–4]. Due to this high
incidence, it has significant socioeconomical implications.
Despite all the improvements in surgical and conservative
treatment regimes (radiation and chemotherapy), prognosis
has not improved in recent decades [5, 6]. In fact, the mean
survival after 5 years is still only about 50%. In the
advanced tumor stages, at which two thirds of all patients
present, survival drops to just a little more than 30% [4, 7,
8]. Oral squamous cell carcinomas do not normally develop
de novo, but rather result from transformation of several
oral precancerous lesions [9–12]. During a regular schedule
of follow-up examinations, these lesions might be diag-
nosed at the right time using sufficient diagnostic tools.
Continuous damage of the mucosa is widely caused by
smoking and alcohol (ab)use. This leads to the damage of
the whole oro-esophago-tracheal mucosa (field canceriza-
tion) [13–20]. At this point, the clinician and pathologist
face the difficult task of distinguishing benign from
precancerous and cancerous lesions. The most common
lesions examined are oral lichen planus and epithelial
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precursor lesions (erythroleukoplakia) [12, 21, 22]. In
addition to the clinical examination, scalpel biopsies are
the gold standard of diagnosis. Another less invasive
method of harvesting mucosal cells is the brush cytology
that has currently become popular [23]. In both cases, the
pathologist often faces difficult decisions regarding whether
the examined lesion is still benign or where the borders of a
malignant transformed lesion are present [24]. Molecular
markers with high specificity and sensitivity might help to
answer these questions. For such markers, the following
characteristics are mandatory: first, the marker should only
be found on malignant cells in a sufficient amount, and
second, the marker should be easily detectable via
screening methods. MAGE-A antigens, a subgroup of
cancer/testis antigens, could be such a marker. MAGE-A
antigens are not found on healthy tissue (except from testes
or placenta) [25–27]. In previous studies, they were found
on many solid tumors, as well as on oral squamous cell
carcinomas [25, 28, 29]. Until now, a question that has been
ignored is whether those antigens might be helpful in
distinguishing between benign, precancerous, and cancer-
ous lesions of the oral mucosa. For this purpose, different
oral lesions (benign, precancerous, carcinoma in situ) were
tested for the expression of MAGE-A antigens.

Materials and methods

Patients

Retrospectively, formalin-fixed specimens from biopsies of
different oral lesions were included. The lesions that were
included are 64 benign oral lesions (25 traumatic lesions
(oral ulcers), 13 dental follicles, and 26 epulis), 26 oral
lichen planus, 123 epithelial precursor lesions (32 epithelial
hyperplasia found in leukoplakias, 24 epithelial dysplasia
found in leukoplakias, 26 erythroplasia with oral epithelial
dysplasia, and 41 carcinomas in situ in erythroleukoplakias).

Immunohistochemical staining

For immunohistochemistry, the monoclonal global MAGE-A
antibody 57B was used (courtesy of Prof. Giulio C. Spagnoli,
Onkologische Chirurgie, Institute for Surgical Research and
HospitalManagement, University Hospital Basel, 4031 Basel,
Switzerland). This monoclonal antibody binds to a common
epitope of MAGE-A antigens and facilitates simultaneous
detection of the most MAGE-A antigen subgroups (MAGE-
A1 to MAGE-A8 and MAGE-A12) [30].

After fixation, the slides were stained using DakoCytoma-
tion EnVision + Dual Link System-HRP (DakoCytomation
Inc., 6392 Via Real, Carpinteria, California, 93013, USA)
according to the manufacturer's instructions and the MAGE-A

antibody 57B (Dilution 1:100). The slides were washed with
Tris–HCl buffer, and then peroxidase blocking solution was
applied. The slides were again washed with Tris–HCl buffer,
and MAGE-A antibody 57B was added. Another wash with
Tris–HCl buffer was then performed. Next, the Dual link
system with the secondary antibody was used, followed by
another washing with Tris–HCl buffer. The chromogen with
DAB+ was added, and the slides were washed with distilled
water. The slides were then counterstained with hematoxylin
and again washed with distilled water.

Results

Benign lesions and oral lichen planus

Oral lichen planus None of the 26 examined specimens
had dysplasia. No lesion was positively stained immuno-
histochemically for MAGE-A antigens.

Oral traumatic lesions (ulcers) Dysplasias were not found in
the 25 specimens, and MAGE-A antigens were not detected.

Dental follicles All 13 specimens were free of dysplasias,
and MAGE-A antigens were not found by immunohisto-
chemical staining.

Epulis The 26 epulis examined were free of dysplasia, and
MAGE-A antigens were not detected in the specimens
(Fig. 1).

Epithelial precursor lesions (leukoplakias)

Overall, 56 epithelial precursor lesions found in leukopla-
kias were tested. In 24 leukoplakias, dysplastic regions
were present. The immunohistochemical staining with 57B
for MAGE-A was positive in eight cases of leukoplakias
with dysplasias. Sixteen dysplastic lesions were negative
for MAGE-A antigens. This results in a positive staining
rate of 33%. All leukoplakias without dysplasia were also
negative for MAGE-A antigens (Fig. 2).

Erythroplasia with epithelial dysplasias

In the 26 specimens examined, 17 showed positive staining
with antibody 57B for MAGE-A antigens. Nine specimens
showed no staining. The staining rate was 65% (Fig. 3).

Carcinoma in situ found in erythroleukoplakias

Forty-one of these cancerous lesions were tested for MAGE-
A antigens. In 23 specimens, positive immunohistochemical
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staining for MAGE-Awas detected. Eighteen lesions did not
reveal any staining with the 57B antibody. The staining rate
was thus 56% (Fig. 4).

In summary, we found that no benign lesion showed
immunohistochemical staining for MAGE-A antigens with
the 57B antibody. This represents a specificity of 100%. In

epithelial precursor lesions with dysplastic cells or carci-
nomas in situ, the staining rate ranged from 33% to 65%.
When combining these lesions (24 leukoplakias, 26
dysplasias, and 41 carcinomas in situ), the mean staining
rate was 44% (48/91). This result means that the technique
is adequately sensitive.

Fig. 1 Immunohistochemical
staining (HE and monoclonal
poly-MAGE-A antibody 57B,
×200) of oral lichen planus (a),
oral ulcer (b), dental follicle (c),
and epulis (d). No immunohis-
tochemical staining for MAGE-
A antigens was observed

Fig. 2 Immunohistochemical
staining (HE and monoclonal
poly-MAGE-A antibody 57B,
×200) of different oral leuko-
plakias with dysplastic areas. a,
b From the same lesion. c A
leukoplakia with dysplasia that
was negative for MAGE-A
antigens. d Another leukoplakia
with MAGE-A antigens is
shown
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Discussion

For the first time, this study addresses the incidence of
MAGE-A antigens in benign and precancerous lesions of
the oral mucosa. In daily clinical work, the differentia-
tion between benign and malignant tissue is crucial. In

our study, no benign lesion showed immunohistochem-
ical staining for MAGE-A antigens. This means that the
57B antibody is able to distinguish benign from malig-
nant transformed cells. Healthy or benign oral lesions do
not have immunohistochemically detectable MAGE-A
antigens.

Fig. 3 a–d Four different oral
dysplasias (HE and monoclonal
poly-MAGE-A antibody 57B,
×200) are depicted. All panels
show the epithelial cells near the
basement membrane as the ori-
gin of the dysplasia and the
ascending of the epithelial cells
to the surface. Especially no-
ticeable in (a) and (c) are the
sharp borders and the staining of
single, basement membrane near
detached dysplastic cells

Fig. 4 Immunohistochemical
staining (HE and monoclonal
poly-MAGE-A antibody 57B,
×200) of four different carcino-
mas in situ. Here, the basement
membrane near cells as the
origin can also be seen very
well. The extension of the
lesions under a healthy layer of
epithelial cells is striking
(especially in c and d)
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Unfortunately, the sensitivity does not reach the level of
specificity. The immunohistochemical method used achieved a
maximum staining rate of 65% and, in the worse case, a
staining rate of 33%. The staining rate was higher in more
malignant transformed lesions than in leukoplakias with
dysplasia. Overall, the staining rate is too low for daily clinical
use. However, if MAGE-A antigens are present, a benign
lesion can be clearly distinguished from a malignant lesion
with the appropriate technology. Until now, this opportunity
has not been addressed. This is applicable not only to oral
mucosa but also to other tissues. The only other study that
addresses benign oral lesions was performed by Lee et al. and
could also not find MAGE-A antigens in a small sample of
benign oral lesions. MAGE-A antigens were found only in a
specimen of one dysplasia [31]. Other solid tumors have also
not been addressed. A study by Hudolin et al. examined
prostatic tissue [32]. The rate of false positive results ranged
from 5% to 15%. A study on gastric carcinoma that addressed
tumor antigens in precancerous and cancerous lesions simply
states that MAGE-A antigens occur with DNA hypomethy-
lation and might be useful in diagnosis and prognosis.
Concrete numbers, however, are not given [33].

Why MAGE-A antigens cannot be found in all dysplasias
or carcinomas has not yet been elucidated. It might depend
upon the methods used. Studies using polymerase chain
reaction (PCR) for the detection of MAGE-A antigens in oral
squamous cell carcinomas achieve positive rates of 85% in
all the specimens examined [28]. Our own data from a
comparable collection show a positive immunohistochemical
staining rate of 65% in oral squamous cell carcinoma [34].
There is a problem with PCR detection of MAGE-A
antigens. Own tests in oral squamous cell carcinoma cell
lines revealed that a positive real-time (RT)-PCR result does
not always correspond to a significant quantitative real-time
(QRT)-PCR result (reference: adult keratinocyte cell line)
[35]. Therefore, to avoid false positive results, a quick
examination at a favorable price like immunohistochemistry
seems adequate for screening purposes.

In our study, extremely sharp borders between immuno-
histochemically stained, MAGE-A-positive areas and the
surrounding benign tissues can be seen. This might be of
extraordinary interest because oral squamous cell carcinomas
develop mainly from mucosa damaged by smoking and
alcohol (ab)use [14, 17, 20]. These substances cause field
cancerization of the upper aerodigestive tract. This compli-
cates the correct definition of the borders of oral lesions [23].
In these cases, MAGE-A staining might help (Figs. 2, 3, and
4). Testing for MAGE-A antigens might also increase the
sensitivity and specificity of other diagnosis tools like oral
brush cytology. This has already been demonstrated with
other markers [36].

In summary, we found that MAGE-A antigens might
significantly improve the diagnosis and differentiation of

oral lesions. Thus far, the sensitivity of the 57B antibody is
not sufficient for daily clinical use. Their real value in early
diagnosis of dysplastic oral lesions has to be validated by
clinical follow-up studies. Thus, developing more sensitive
antigen sensors should be a task for further studies. Other
antibodies and methods should be examined for their utility
in the diagnosis of oral lesions.

Conflict of interests The authors declare that they have no conflict
of interest.

References

1. Karim-Kos HE, de Vries E, Soerjomataram I, Lemmens V,
Siesling S, Coebergh JW (2008) Recent trends of cancer in
Europe: a combined approach of incidence, survival and mortality
for 17 cancer sites since the 1990s. Eur J Cancer 44:1345–1389

2. Ferlay J, Autier P, Boniol M, Heanue M, Colombet M, Boyle P
(2007) Estimates of the cancer incidence and mortality in Europe
in 2006. Ann Oncol 18:581–592

3. Boyle P, Ferlay J (2005) Cancer incidence and mortality in
Europe, 2004. Ann Oncol 16:481–488

4. Levi F, Lucchini F, Negri E, Boyle P, La Vecchia C (2003)
Mortality from major cancer sites in the European Union, 1955–
1998. Ann Oncol 14:490–495

5. Bagan JV, Scully C (2008) Recent advances in Oral Oncology
2007: epidemiology, aetiopathogenesis, diagnosis and prognosti-
cation. Oral Oncol 44:103–108

6. Folz BJ, Silver CE, Rinaldo A, Fagan JJ, Pratt LW, Weir N, Seitz
D, Ferlito A (2008) An outline of the history of head and neck
oncology. Oral Oncol 44:2–9

7. Lung T, Tascau OC, Almasan HA,Muresan O (2007) Head and neck
cancer, treatment, evolution and post therapeutic survival—part 2: a
decade's results 1993–2002. J Cranio-maxillo-facial Surg 35:126–
131

8. Gondos A, Arndt V, Holleczek B, Stegmaier C, Ziegler H,
Brenner H (2007) Cancer survival in Germany and the United
States at the beginning of the 21st century: an up-to-date
comparison by period analysis. Int J Cancer 121:395–400

9. Reichart PA (2007) Orale Leukoplakie/Erythroplakie. Stellungnahme
der Deutschen Gesellschaft für Zahn-, Mund- und Kieferheilkunde
(DGZMK). Dtsch Zahnarztl Z 62:45–48

10. Scheifele C, Reichart PA (2003) Is there a natural limit of the
transformation rate of oral leukoplakia? Oral Oncol 39:470–475

11. Driemel O, Hertel K, Reichert TE, Kosmehl H (2006) Aktuelle
Klassifikation der Präkursorläsionen des oralen Plattenepithelkarzi-
noms. Prinzipien der WHO-Klassifikation 2005. Mund Kiefer
Gesichtschir 10:89–93

12. Gale N, Pilch BZ, Sidransky D, Westra WH, Califano J (2005)
Epithelial precursor lesions. IARC, Lyon

13. Batzler WU GK, Hentschel S, Husmann G, Kaatsch P, Katalanic
A, Kieschke J, Kraywinkel K, Meyer M, Stabenow R, Stegmaier
C, Bertz J, Hberland J, Wolf U (2008) Krebs in Deutschland
2003–2004. Häufigkeiten und Trends. Robert Koch-Institut (Hrsg)
und die Gesellschaft der epidemiologischen Krebsregister in
Deutschland e. V. (Hrsg), Berlin

14. Bray I, Brennan P, Boffetta P (2000) Projections of alcohol- and
tobacco-related cancer mortality in Central Europe. Int J Cancer
87:122–128

Clin Oral Invest (2011) 15:315–320 319



15. Rosenquist K (2005) Risk factors in oral and oropharyngeal
squamous cell carcinoma: a population-based case-control study
in southern Sweden. Swed Dent J Suppl 179:1–66

16. Rosenquist K, Wennerberg J, Annertz K, Schildt EB, Hansson BG,
Bladstrom A, Andersson G (2007) Recurrence in patients with oral
and oropharyngeal squamous cell carcinoma: human papillomavirus
and other risk factors. Acta Otolaryngol 127:980–987

17. Hashibe M, Boffetta P, Zaridze D, Shangina O, Szeszenia-
Dabrowska N, Mates D, Fabianova E, Rudnai P, Brennan P
(2007) Contribution of tobacco and alcohol to the high rates of
squamous cell carcinoma of the supraglottis and glottis in Central
Europe. Am J Epidemiol 165:814–820

18. Hashibe M, Brennan P, Benhamou S, Castellsague X, Chen C,
Curado MP, Dal Maso L, Daudt AW, Fabianova E, Fernandez L,
Wunsch-Filho V, Franceschi S, Hayes RB, Herrero R, Koifman S,
La Vecchia C, Lazarus P, Levi F, Mates D, Matos E, Menezes A,
Muscat J, Eluf-Neto J, Olshan AF, Rudnai P, Schwartz SM, Smith
E, Sturgis EM, Szeszenia-Dabrowska N, Talamini R, Wei Q,
Winn DM, Zaridze D, Zatonski W, Zhang ZF, Berthiller J,
Boffetta P (2007) Alcohol drinking in never users of tobacco,
cigarette smoking in never drinkers, and the risk of head and neck
cancer: pooled analysis in the International Head and Neck Cancer
Epidemiology Consortium. J Natl Cancer Inst 99:777–789

19. Hashibe M, Boffetta P, Zaridze D, Shangina O, Szeszenia-
Dabrowska N, Mates D, Janout V, Fabianova E, Bencko V,
Moullan N, Chabrier A, Hung R, Hall J, Canzian F, Brennan P
(2006) Evidence for an important role of alcohol- and aldehyde-
metabolizing genes in cancers of the upper aerodigestive tract.
Cancer Epidemiol Biomarkers Prev 15:696–703

20. Boffetta P, Hashibe M, La Vecchia C, Zatonski W, Rehm J (2006)
The burden of cancer attributable to alcohol drinking. Int J Cancer
119:884–887

21. Reichart PA, Philipsen HP (2005) Oral erythroplakia—a review.
Oral Oncol 41:551–561

22. El Naggar A, Reichart PA (2005) Proliferative verrucous
leukoplakia and precancerous conditions. IARC Press, Lyon

23. Driemel O, Kunkel M, Hullmann M, von Eggeling F, Muller-
Richter U, Kosmehl H, Reichert TE (2007) Diagnosis of oral
squamous cell carcinoma and its precursor lesions. J Dtsch
Dermatol Ges 5:1095–1100

24. Reibel J (2003) Prognosis of oral pre-malignant lesions: signifi-
cance of clinical, histopathological, and molecular biological
characteristics. Crit Rev Oral Biol Med 14:47–62

25. Scanlan MJ, Simpson AJ, Old LJ (2004) The cancer/testis genes:
review, standardization, and commentary. Cancer Immun 4:1

26. Scanlan MJ, Gure AO, Jungbluth AA, Old LJ, Chen YT (2002)
Cancer/testis antigens: an expanding family of targets for cancer
immunotherapy. Immunol Rev 188:22–32

27. Muller-Richter UD, Dowejko A, Zhou W, Reichert TE, Driemel O
(2008) Different expression of MAGE-A-antigens in foetal and
adult keratinocyte cell lines. Oral Oncol 44:628–633

28. Ries J, Vairaktaris E, Mollaoglu N, Wiltfang J, Neukam FW,
Nkenke E (2008) Expression of melanoma-associated antigens in
oral squamous cell carcinoma. J Oral Pathol & Med 37:88–93

29. Ries J, Schultze-Mosgau S, Neukam F, Diebel E, Wiltfang J
(2005) Investigation of the expression of melanoma antigen-
encoding genes (MAGE-A1 to -A6) in oral squamous cell
carcinomas to determine potential targets for gene-based cancer
immunotherapy. Int J Oncol 26:817–824

30. Rimoldi D, Salvi S, Schultz-Thater E, Spagnoli GC, Cerottini JC
(2000) Anti-MAGE-3 antibody 57B and anti-MAGE-1 antibody
6C1 can be used to study different proteins of the MAGE-A
family. Int J Cancer 86:749–751

31. Lee KD, Eura M, Ogi K, Nakano K, Chikamatsu K, Masuyama K,
Ishikawa T (1996) Expression of the MAGE-1, -2, -3, -4, and -6
genes in non-squamous cell carcinoma lesions of the head and
neck. Acta Otolaryngol 116:633–639

32. Hudolin T, Juretic A, Spagnoli GC, Pasini J, Bandic D, Heberer
M, Kosicek M, Cacic M (2006) Immunohistochemical expression
of tumor antigens MAGE-A1, MAGE-A3/4, and NY-ESO-1 in
cancerous and benign prostatic tissue. Prostate 66:13–18

33. Tamura G (2006) Alterations of tumor suppressor and tumor-
related genes in the development and progression of gastric
cancer. World J Gastroenterol 12:192–198

34. Müller-Richter UD, Dowejko A, Peters S, Rauthe S, Reuther T,
Gattenlöhner S, Reichert TE, Driemel O, Kübler AC (2009)
MAGE-A antigens in patients with primary oral squamous cell
carcinoma. Clin Oral Investig. 2 June 2009 [Epub ahead of print]

35. Müller-Richter UDA, Dowejko A, Reuther T, Kleinheinz J,
Reichert TE, Driemel O (2008) Analysis of expression profiles
of MAGE-A antigens in oral squamous cell carcinoma cell lines.
Head Face Med 5:10

36. Driemel O, Dahse R, Berndt A, Pistner H, Hakim SG, Zardi L,
Reichert TE, Kosmehl H (2007) High-molecular tenascin-C as an
indicator of atypical cells in oral brush biopsies. Clin Oral Investig
11:93–99

320 Clin Oral Invest (2011) 15:315–320



Copyright of Clinical Oral Investigations is the property of Springer Science & Business Media B.V. and its

content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


