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Abstract: Background. There is considerable interest in the

expression of cancer testis (CT) antigens in human cancers,

because they may serve as the basis for diagnostic tests or an

immunologic approach to therapy, or as prognostic markers.

Methods. On this basis, we evaluated by semiquantitative

reverse-transcriptase polymerase chain reaction (RT-PCR) the

expression of genes that code for tumor antigens (melanoma

antigen-1 [MAGE-1], MAGE-4, MAGE-10, MAGE-12, B mela-

noma antigen, CTL-recognized antigen melanoma antigen (CT

antigen 2) [LAGE], New York esophageal squamous cell carci-

noma antigen (CT antigen 1) [NYESO-1], and preferentially

expressed antigen of melanoma [PRAME]) in surgical samples

of the tumors, margins, and lymph nodes (when present) from

patients with a diagnosis of head and neck carcinoma. The

study was conducted on 33 patients (31 men and two women),

aged 31 to 94 years (mean, 56 years), with squamous cell carci-

nomas located in the mouth (15 cases), larynx (14 cases), and

pharynx (four cases).

Results. The findings were compared with the clinical course

and laboratory data. Expression of at least one antigen was

observed in 66.6% of cases, with different rates of expression

according to tumor staging (100% of T4, 57% of T3, 50% of T1

and T2) and smoking habit. There was a significantly higher

expression of multiple genes (two or more) in tumors in

advanced stages.

Conclusions. We conclude that the tumor-specific antigen

genes are expressed in variable frequencies and intensities in

the primary lesions of head and neck squamous cell carcinomas

and in their metastases, with expression of the PRAME gene

being always present in the metastastatic lymph nodes. In pri-

mary lesions, gene expression correlated with smoking habit

and with advanced tumors with a higher malignant potential,

with the frequent expression of two or more of these genes.
VVC 2006 Wiley Periodicals, Inc. Head Neck 28: 614–619, 2006

Keywords: tumor antigens; squamous cell carcinoma; gene

expression

Despite the significant advances in the diagnosis
and treatment of head and neck cancer, survival
has increased by little more than 10% in the past
30 years.1 Evidence shows that impairment of the
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immune responses may play an important role in
the onset and propagation of cancer, and the search
for immunotherapy specifically directed at the dis-
ease has advanced, although there are few studies
about head and neck tumors.2 Within this context,
the identification of antigens specifically expressed
in tumors may serve as the basis for immunother-
apy. Specific antigens are expressed by groups of
genes that code for antigenic peptides of tumors
presented by class I human leukocyte antigen
(HLA)molecules and recognized by cytotoxic T lym-
phocytes. There are many categories of tumor anti-
gens: those resulting from point mutations or gene
rearrangement involved in the oncogenesis, the
proteins encoded by the viral oncogenes (such as
the papilloma type 16 virus proteins), differentia-
tion antigens encoded by genes that are only
expressed in particular types of tissue (many anti-
gens described in melanomas such as Melan-A/
MART-1, gp100, and tyrosinase), the proteins that
are strongly expressed in the tumor compared with
the normal cells (such as cErb2), and the cancer
testis (CT) antigens. In normal tissues, these
genes are expressed only in cells that do not present
HLA genes that therefore cannot present peptides
for a T cytotoxic response, such as trophoblasts and
male germ cells in the testis.3–5 A variety of anti-
gens have been described in melanoma, which
has been used as a model system for tumor anti-
gen identification, including the first CT antigen
MAGE-1.6

About 30 CT antigens have been described
thus far.7 In addition to the pattern of expression
limited to germ cells and to cancer, other common
features have emerged in studies of tumor antigen
genes, such as the presence of multigene families,
immunogenicity in cancer patients, heterogene-
ous expression in the various types of cancer, cor-
relation of mRNA expression with tumor progres-
sion and with tumors with higher malignant
potential, and activation by hypomethylation and/
or by histone deacetylase inhibitors.7–9

In a search for biologic markers and immuno-
therapeutic targets for the treatment of head and
neck squamous cell carcinomas, we tested samples
of tumors of the oral cavity, pharynx, larynx, and
in cervical lymph nodes for the expression mRNA
of the genes melanoma antigen (MAGE)-1,MAGE-
4, MAGE-10, MAGE-12, G melanoma antigen
(GAGE-1/2), CTL-recognized antigen on melanoma
(LAGE-1), B melanoma antigen (BAGE), New
York esophageal squamous cell carcinoma anti-
gen (CT antigen 1) (NYESO)-1, and preferentially
expressed antigen of melanoma (PRAME) by re-

verse-transcriptase polymerase chain reaction (RT-
PCR).

MATERIALS AND METHODS

This study involved 33 patients (31 men and 2
women) aged 31 to 94 years (mean, 55.5 years)
with a diagnosis of head and neck squamous cell
carcinoma surgically treated. The study was
approved by the Institutional Research Ethics
Committee, and all patients provided informed
consent. Primary tumors were located in the oral
cavity (15 cases), larynx (14 cases), and pharynx
(4 cases). On the basis of the TNM System of the
Union Internationale Contre le Cancer, eight
cases were classified as T1, eight as T2, seven as
T3, and 10 as T4.

A 0.5- to 1.0-cm fragment of the tumor and an
equivalent fragment from surrounding tissue
showing no macroscopic changes were removed
intraoperatively during tumor ressection. When a
cervical lymph node suspected of malignancy was
observed, a lymph node fragment was also
extracted at the end of neck dissection. The tis-
sues were immediately immersed into liquid
nitrogen and stored at�808C. Before RNA extrac-
tion, a cryostat section was examined under the
microscope, and the frozen blocks were dissected
by apposition, trimming off nonneoplastic or ne-
crotic areas.

RNA was extracted by the TRIZOL Reagent
method (Invitrogen, Carlsbad, CA). The quality of
the RNA was assessed by 1.2% agarose gel elec-
trophoresis and ethidium bromide staining and
quantitated by spectrophotometry. cDNA synthe-
sis was performed using 2 lg total RNA with
0.5 lM RandomHexamer primer (Amersham Bio-
sciences, Little Chalfont, England) and approxi-
mately 7 ll H2O (708C for 10 minutes), followed by
extension with 200 U of Superscript II enzyme
(Invitrogen) at 428C for 50 minutes and 708C for
15 minutes. The quality of the synthesized cDNAs
was analyzed by PCR using specific primers for
the b-actin region (Figure 1). All primer pairs
were designed for different exons to prevent the
amplification of contaminating DNA.10 The fol-
lowing cell lines were used as positive controls for
the expression of target genes: erythroleukemia
cell line K562 (for MAGE-1 and BAGE), MZ2-
MEL (for MAGE-2, MAGE-10, and GAGE-1/2)
and LB373 (for MAGE-4, MAGE-12, LAGE-1,
NYESO-1, and PRAME). A negative (blank) con-
trol was included in each reaction; also, we have
observed absence of CT antigen expression in leu-
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kocytes from 50 healthy blood donors.11 Samples
were then classified as positive for CT antigen
expression when the RT-PCR product intensity
was similar or higher than that observed for the
1:27 dilution of the positive reference cDNA
obtained from cell lines.10 All PCR reactions were
performed in a gene Amp PCR System (Applied
Biosystems, Foster City, CA) with 30 cycles for all
genes analyzed.

RESULTS

Expression of genes of the family of CT antigens
was demonstrated in 66.6% samples of head and
neck squamous cell carcinomas located at differ-
ent sites (Table 1). The significance of the correla-
tion of gene expression with histopathologic and
clinical characteristics was analyzed by the Fisher
exact test.

Tumor Differentiation. Of the cases studied, 18
(54.5%) had histologic characteristics of well-dif-
ferentiated tumors, 13 (39.4%) were moderately
differentiated, and two (6.1%) were poorly differ-
entiated. No correlation was observed between
gene expression and grade of tumor differentia-
tion (p¼ .301).

Staging. All tumors staged as T4 (100%) showed
expression of tumor antigen genes as opposed to
50% of T1 and T2 tumors and 57% of T3 tumors.
Multiple gene expression (two or more) was signif-
icantly higher in tumors in advanced stages (p ¼
.014). When considered individually, a statisti-
cally significant association with the MAGE-10
gene (p ¼ .021) and a marginally significant asso-

ciation with the MAGE-1 gene (p ¼ .069) was ob-
served.

Gene Expression in Lymph Nodes. Lymph nodes
were available for analysis in 15 cases, and only
five of them were found to contain carcinoma me-
tastases on microdissection. None of the lymph
nodes free of pathologic changes presented ex-
pression of the tumor antigen genes, whereas four
of five metastatic lymph nodes did present it, with
the PRAME gene being expressed in all of them
(Table 2). Among the cases with gene expression
in metastatic lymph nodes, three also had a lymph
nodewithout pathologic changes onmicrodissection,
whichwas negative in terms of gene expression.

Gene Expression in the Margins. In 19 cases (58%),
we studied gene expression in the apparently dis-
ease-free margins, which was positive in a single
case.

Clinical Characteristics. An association was de-
tected between the number of cigarettes smoked
per day and frequency of gene expression (p ¼
.051). No relationship was observed between gene
expression and locoregional recurrence, distant
metastases, or death caused by themalignancy.

DISCUSSION

In this study, the expression of at least one of the
CT antigen genes was demonstrated in 66.6% of
patients with squamous cell carcinoma at various
sites in the head and neck. This prevalence is sim-
ilar to data reported in other studies12–14 for
smaller sets of markers. Studies of expression of
these genes in head and neck tumors or in other

FIGURE 1. Electrophoresis on agarose gel of polymerase

chain reaction products for MAGE-1, MAGE-4 and PRAME for

samples of three patients, obtained from tumor (T), margin (M),

and lymph nodes. Nþ, metastasis observed on histopathology;

N�, nonmetastatic. Amplification of b-actin is shown as reference.

Table 1. Frequency of cases positive for the expression of

each of the tumor antigens.

Antigen gene No. of cases (%)

MAGE-1 10 (30.3)

MAGE-4 17 (51.5)

MAGE-10 7 (21.2)

MAGE-12 3 (9.1)

BAGE 3 (9.1)

GAGE-1 5 (15.2)

LAGE-1 3 (9.1)

NYESO-1 4 (12.1)

PRAME 14 (42.4)

Abbreviations: MAGE, melanoma antigen; BAGE, B melanoma antigen;
GAGE-1/2, G melanoma antigen; LAGE-1, CTL-recognized antigen on
melanoma; NYESO-1, New York esophageal squamous cell carcinoma
antigen; PRAME, preferentially expressed antigen of melanoma.
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tumors such as melanoma, hematologic neopla-
sias, or carcinomas of other locations were limited
to the analysis of the expression of one or a few of
these genes. To our knowledge, this is the first
study in which the expression of this large set of
genes (MAGE-1, -4, -10, -12, BAGE, GAGE-1/2,
LAGE-1, PRAME, and NYESO-1) was investi-
gated in head and neck carcinomas, and for genes
MAGE-12, LAGE-1, and PRAME, this is the first
report.

The expression of different antigens in a single
type of tumor is highly variable.7 In this study,
57.1% of the cases expressed at least one gene of
the MAGE family (MAGE-1, MAGE-4, MAGE-10,
and MAGE-12), with lower rate of expression of
the BAGE and GAGE genes, in agreement with
previous data.12–15 Studies on the expression of
the PRAME gene are more scarce, most of them in
hematologic neoplasias.16–20 In our study, the first
conducted on head and neck squamous cell carci-
nomas for PRAME, this was the second most fre-
quently expressed gene (42.2%), similar to the
results obtained in renal cell carcinoma.21

Our results show an association between tu-
mor progression and the expression of CT antigen
genes (p ¼ .014, Table 3) and also report that the
expression of these genes is often simultaneous.
Studies have shown that methylation probably is
the primary mechanism of inactivation of these
genes,7,15,22,23 and that global DNA hypomethyla-
tion and gene-specific hypomethylation occurs in
tumors associated with tumor progression,24,25

suggesting that demethylation may be the com-
mon mechanism of activation and coexpression
and the association with tumor progression.

These results support the idea of new therapeutic
options based on the use of demethylating agents
and of specific immunotherapy.26,27 Recently, a
new member of the CT antigen gene family,
BORIS, has been linked with molecular mecha-
nisms of epigenetic reprogramming in normal
male germ cell development and in cancer.28 In
this study, we analyzed for the first time the
expression of these CT antigens in cervical lymph
nodes from 15 patients, although expression of
other antigens has been previously reported.29,30

PRAME was expressed in all four cases that were
positive for CT antigens among the five that had
metastatic squamous cell carcinoma. None of 13
negative nodes (10 patients without metastasis
and three cases with both positive and negative
nodes; see Table 2) were positive for CT antigens.
The finding of gene expression in cervical metas-
tases of head and neck squamous cell carcinoma is

Table 2. Expression of tumor antigens in lymph nodes with or without metastases, compared with gene expression in the primary

tumor, in the five patients who had histologically confirmed metastases in the lymph nodes.

Antigen

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

T Nþ N� T Nþ N� T Nþ N� T Nþ T Nþ
MAGE-1 � � � þ þ � � � � � � � �
MAGE-4 � � � þ þ � � � � � � � �
MAGE-10 � � � þ þ � � � � � � � �
MAGE-12 � � � þ þ � � � � � � � �
BAGE � � � þ � � � � � � � � �
GAGE-1/2 � � � þ � � � � � � � � �
LAGE � � � � � � � � � � � � �
NYESO-1 � � � � � � � � � � � � �
PRAME � þ � þ þ � þ þ � � þ � �
Abbreviations: T, primary tumor; Nþ, lymph node with a metastasis detected histologically; N�, lymph node without metastasis; MAGE, melanoma anti-
gen; BAGE, B melanoma antigen; GAGE-1/2, G melanoma antigen; LAGE, CTL-recognized antigen on melanoma; NYESO-1, New York esophageal
squamous cell carcinoma antigen (cancer testis antigen 1); PRAME, preferentially expressed antigen of melanoma.

Table 3. Expression of tumor antigens in head and neck

carcinoma of different T classifications

(Fisher exact test, p ¼ .014).

T classification

No. of cases by tumor antigen

expression

Negative þ þþ Total

T1 4 3 1 8

T2 4 2 2 8

T3 3 2 2 7

T4 0 1 9 10

Total 11 8 14 33

þ, expression of one antigen; þþ, expression of two or more antigens.
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of special interest, because occult cervical metas-
tases occur in 15% to 60% of cases, and the treat-
ment of an N0 patient (with no clinical metasta-
ses) has been recommended when the risk of
occult metastasis is approximately 30% ormore.31

Yoshioka et al,29 recently reported the clinical
application of RT-PCR for intraoperative diagno-
sis of lymph node micrometastasis. The finding
obtained in this study justifies investigations on
larger samples of the PRAME gene in metastases
of head and neck squamous cell carcinoma in view
of the possibility of using the expression of tumor
gene in the search for sentinel lymph nodes.

The successful development of antigen-specific
vaccines against cancer depends on the identifica-
tion of appropriate target antigens on the estab-
lishment of effective immunization strategies and
on the ability to create methods that will ‘‘deceive’’
the escape mechanism of evolving tumors from
the immune system. CT antigen genes currently
are of great interest for the development of a vac-
cine against cancer and will probably be a focal
point of cancer vaccine research in the near future.9

Our results show a frequent expression of these
genes in head and neck squamous cell carcinomas,
mainly in advanced tumors that have a poor prog-
nosis with the treatments currently available. This
finding suggests that this patient population is a
potential target for immunotherapy, either in the
form of cancer ‘‘vaccines’’ or by the use of antibodies
directed against the antigens carried specifically by
the tumor cells. The results obtained here on the
basis of mRNA expression should be further ana-
lyzed on the basis of protein expression.
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