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Abstract: Background. Despite diagnostic and therapeutic
advances in head and neck cancer, the 5-year survival of
patients with laryngeal cancer has not improved in the last 30
years. Several recent studies indicate that specific targets for
immunotherapeutic approaches can be useful in the control of
cancer. There is considerable interest in the expression of can-
cer testis antigens in human cancers since they may serve as
the basis for an immunologic approach to therapy.

Methods. We evaluated by immunohistochemical analysis
the expression of cancer testis antigens MAGE-A4 (57B),
MAGE-C1 (CT7-33), MAGE-A1 (MA454), MAGE-A3 (M3H67),
MAGE-C2 (CT10.5), NY-ESO-1 (E978), and GAGE (GAGE) in
squamous cell carcinoma (SCC) of the larynx.

Results. A total of 63 cases (57 men and 6 women) of laryn-
geal SCC were available for this study. The findings were corre-
lated with the clinical course and laboratory data. Expression of at
least 1 cancer testis antigen was detected in 42 of 63 of the laryn-
geal SCCs (67%). In 34 of 42 of the positive cases (81%) there was
simultaneous expression of >2 cancer testis antigens. There was
significant correlation between antigen expression and advanced
tumor stage (stage IlI/IV) in cases with reactivity to only 1 antibody
(p = .01) as well as in the cases with reactivity to >2 primary anti-
bodies (>2 mAbs, p = .04). There was no association between
survival and expression of any of the analyzed antigens.

Conclusions. We find a high incidence of cancer testis
antigen expression in SCCs of the larynx, which was correlated
with advanced clinical stage. Our data indicate that cancer
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testis antigens could be valuable vaccine targets in laryngeal
tumors, especially in those with a worse prognosis. © 2010
Wiley Periodicals, Inc. Head Neck 33: 702—-707, 2011
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Despite diagnostic and therapeutic advances in head
and neck cancer, the survival of patients with laryn-
geal cancer has not improved in the last 30 years.!
Most patients can be cured only when treated at an
early stage, and patients with advanced tumors usu-
ally succumb to the disease. Interestingly, recent stud-
ies reported decreased survival rates in larynx cancer.?
Consequently, additional treatment options for patients
with head and neck cancers are urgently needed.

Several recent studies indicate that specific targets
for immunotherapeutic approaches can be useful in the
control of cancer.>* Surprisingly, there are a very few
studies in head and neck cancer.

A significant advance was the identification of can-
cer testis antigens. As their name implies, cancer testis
antigens are expressed in various types of malignant
tumors, whereas in normal adult tissues their presence
is restricted to testicular germ cells and occasionally
placental trophoblast.® Based on their tumor-associated
expression pattern, cancer testis antigens are regarded
as potential targets for vaccine-based immunotherapy
of cancer.®

Surprisingly, relatively little is known about the
presence of cancer testis antigens in cancers of the head
and neck and especially the larynx. Consequently, the
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aim of this study was to analyze the expression of cancer
testis antigens in squamous cell carcinoma (SCC) of the
larynx and to correlate their potential presence with
pathomorphological as well as clinical data.

MATERIALS AND METHODS

The present study involved patients who were diag-
nosed with laryngeal SCC and surgically treated at
the Hospital of the Faculty of Medicine of Ribeirdo
Preto, University of Sdo Paulo, Brazil, from January
1, 2001, through December 31, 2005. Corresponding
archival tumor tissue was provided by the Depart-
ment of Pathology of the same institution. The study
was approved by the Research Ethics Committee of
the University Hospital. All patients provided
informed consent (Proc. No. 7235/2007).

The inclusion criteria were the patient’s agree-
ment to participate in the study including signed con-
sent, absence of previous tumor treatment of the head
and neck, and available representative tissue blocks.

Immunohistochemistry. The immunohistochemical
analysis was performed on archival formalin-fixed, par-
affin-embedded tissues. The serological reagents, corre-
sponding antigens, and monoclonal antibody (mAb)
concentrations for the detection of cancer testis antigen
expression were previously described and are indicated
in Table 1.771

Immunohistochemical staining and interpretation
were done as previously described.'® Appropriate pri-
mary antibody working concentrations were estab-
lished by titration assays using testicular tissues with
preserved spermatogenesis. Tissue sections (thickness,
4 microns) were deparaffinized in xylene and rehy-
drated in a series of graded alcohols. Endogenous perox-
idase was blocked by incubating slides for 30 minutes at
room temperature in 99.7% methanol containing 0.3%
hydrogen peroxide. Slides were washed with Tris-buf-
fered saline solution and blocked in 2% bovine serum al-
bumin (BSA) at room temperature for 5 minutes to
prevent unspecific protein interactions. A heat-based
antigen retrieval technique using a commercial vegeta-
ble steamer was used by heating slides in a buffer solu-
tion (Table 1) for 30 minutes at approximately 96°C.

Tissue slides were incubated with primary anti-
bodies overnight at 4°C in a wet chamber. Primary
antibody detection was performed by use of a Novo-
link polymer detection kit (Leica Microsystems Inc.,
Bannockburn, IL) in accord with the manufacturer’s
instructions. 3,3-Diaminobenzidine (DAB) served as a
chromogen and counterstains were done with Harris
hematoxylin. Finally, slides were dehydrated in a se-
ries of graded ethanols, coverslipped, and examined
under a light microscope.

For all assays, appropriate positive (normal testis
with preserved spermiogenesis) and negative controls
(omission of primary antibody and replacement with
phosphate buffer saline, pH 7.4) were included.
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Table 1. Primary antibodies, clones, dilution, and antigen retrieval

buffers.
Antibody* Clone Dilution Buffer
MAGE-A4 57B 1:4.000 EDTA 1 mM, pH 8.0
MAGE-CH CT77.33 1:32.000 Citrate 10 mM, pH 6.0
MAGE-A1 MA454 1:200 EDTA 1 mM, pH 8.0
MAGE-A3 M3H67 1:80.000 EDTA 1 mM, pH 8.0
MAGE-C2 CT10.5 1:4.000 Tris-EDTA 20 mM,
Tween 20 (0.0005%),
pH 9.0
NY-ESO-1 E978 1:3.200 Tris-EDTA 20 mM,
Tween 20 (0.0005%),
pH 9.0
GAGE #26 1:80.000 EDTA 1 mM, pH 8.0

*Source: Ludwig Institute for Cancer Research, New York, NY.

Antigen expression was scored semiquantitatively
in accord with the number of immunopositive tumor
cells and graded as follows: 0 (zero) = <5% of tumor
cells positive; 1+ = 5% to 25% of cells positive; 2+ =
>25% to 50%; 3+ = >50% to 75%; 4+ = >T75% of cells
positive. It was considered negative expression when
<5% of the tumor cells were stained and positive
expression when >5% of the tumor cells were stained.

Finally, the immunohistochemical results were cor-
related with clinical data such as alcohol and tobacco
abuse, tumor site, tumor recurrence, metastatic
spread, clinical stage, and the patient’s status in the
last follow-up (alive without or with disease, death) as
well as with histopathological tumor grade and lymph
node status.

Statistical Analyses. Statistical analyses were per-
formed using Fisher’s exact tests for comparisons
between immunohistochemical results and clinical
data. The odds ratio (OR) and 95% confidence interval
(CI) were calculated using an unconditional logistic
regression model. A probability error of <5% was con-
sidered significant for all statistical analyses (p <
.05). The survival curves were plotted in accord with
the Kaplan—Meier method.

RESULTS

All clinical data and results of the immunohistochem-
cial antigen expression analyses for all the cases of
our series are shown in Supplementary Table 1. In
all, 63 cases of laryngeal SCC were available for this
study: 57 patients were men, 6 were women. Age
range was 27 to 78 years (mean, 57.2 years). In the
majority of cases, the primary was supraglottic (37 of
63), 23 tumors were glottis, and 3 neoplasms were
subglottic. On the basis of the TNM System of the
Union Internationale Contre le Cancer (UICC), the
tumors were classified as follows: T1, 8 cases; T2, 15
cases; T3, 27 cases; T4, 13 cases. Distribution by clini-
cal stage was as follows: 7 cases were stage I, 8 cases
stage II, 24 cases stage III, and 24 cases stage IV (2
of 24 IVa, 2 of 24 stage IVb). The diagnosis was
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FIGURE 1. Immunohistochemical staining patterns for cancer testis antigens in larynx squamous cell carcinoma (SCC). (A) MAGE-A1
expression as detected by monoclonal antibody (mAb) MA454, heterogeneously present in approximately 50% (2+) of the invasive
border area (original magnification x50) and (B) homogeneously expressed in the cytoplasm of all tumor cells (original magnification
x100). (C) Strong and homogeneous (3+) MAGE-A4 (mAb 57B) expression in the invasive front of the tumor (original magnification
x50). (D) Strong nuclear expression pattern of MAGE-C2/CT10 (mAb CT10#5; original magnification x100). (E) Immunoreactivity of
mAb CT7-33 to MAGE-C1/CT7-33, displaying strong nuclear and cytoplasmic staining (original magnification x50). (F) Cytoplasmic im-
munostaining of mAb E978 to NY-ESO-1 (original magnification x400). (G) Weak expression of GAGE in the basally located tumor
cells of laryngeal SCC at low (original magnification x100) and medium (H) power (original magnification x200).
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Table 2. Frequency distribution of staining of the antigens.

Antigen Antibody Immunoreactivity (%) 0 1+ 2+ 3+ 4+
MAGE-A1 MA454 30/63 (47.62) 33 10 9 11 0
MAGE-A3 M3H67 23/63 (36.51) 40 3 2 18 0
MAGE-A4 57B 38/63 (60.32) 25 9 4 25 0
MAGE-C1/CT7 CT7.33 14/63 (22.2) 49 9 4 1 0
MAGE-C2/CT10 CT10.5 5/63 (7.93) 58 3 1 1 0
GAGE GAGE 13/63 (20.64) 50 7 5 1 0
NY-ESO-1 E978 6/63 (9.52) 57 5 0 1 0

morphologically confirmed by 2 pathologists (F.P.S.,
L.N.) and classified in accord with the World Health
Organization (WHO) Classification of Tumors of the
Head and Neck.'® Tumors were histologically graded as
follows: 15 of 63 well-differentiated (23.81%), 35 of 63
moderately differentiated (55.56%), and 13 of 63 poorly
differentiated carcinomas (20.63%). A representative tu-
mor block containing the invasion tumor front was
selected for the immunohistochemical assays (see Figure
1).

For statistic analysis, the parameters tumor site,
TNM classification, clinical stage, and tumor differen-
tiation were grouped as follows: subglottic and glottic
tumors versus supraglottic tumors; T1/T2 tumors ver-
sus T3/T4 tumors; clinical stage I/II versus stage
III/IV tumors; moderately and poorly differentiated
tumors versus well-differentiated tumors.

The result of the immunohistochemical staining is
displayed in Table 2. The most prevalent immunore-
activity was seen with the serological reagents to
MAGE-A antigens, with mAb 57B showing the high-
est incidence of staining being present in approxi-
mately 60% of tumors, followed by mAb MA454,
which was positive in almost half of the tested cases.
The lowest incidence of immunostaining with MAGE-
A reagents was present with mAb M3H67 in approxi-
mately 1/3 of cases. Although most of the cases, which
were positive for MAGE-A antigens, showed expres-
sion in >25% of the tumor cells, none of the cases was
immunopositive in >75% to 100% of tumor area. The
other antigens of our series were expressed in a much
lower percentage, with MAGE-C1/CT7 and GAGE both
being present in approximately 20% of the cases while
MAGE-C2/CT10 and NY-ESO-1 were each expressed
in only 10% of tumors. Different from MAGE-A anti-
gens, the antigen expression was even more heteroge-
neous and present in most cases in only 5% to 25% of
the tumor cells.

When looking at the overall cancer testis antigen
expression, at least 1 cancer testis antigen was
detected in 42 of the 63 laryngeal SCCs (67%). In 34
of 42 positive cases (81%) there was simultaneous
expression of >2 cancer testis antigens. In 27 of 42
cases (64%) >3 antigens were present.

For the correlation between the antigen expression
and clinical and histopathological characteristics, the
cases were grouped as follows: no positive antigen ver-
sus at least 1 positive antigen; no positive antigen ver-
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sus 1 positive antigen versus >2 positive antigens. The
expression of each antigen was correlated with clinical
and histopathological characteristics as well. There was
no correlation between antigenic expression and alcohol
and tobacco abuse, tumor site, histological differentia-
tion grade, regional or distant metastasis, second pri-
mary tumor, or death.

Table 3 shows the percentage of expression of at
least 1 of our tested antigens in accord with the differ-
ent clinical stages and TNM classifications.

There was significant correlation between antigen
expression and advanced tumors (stage III/IV) in cases
with reactivity to only 1 antibody (p = .01) as well as
in the cases with reactivity to >2 primary antibodies
(>2 mAbs, p = .04).

When antibody reactivity was individually consid-
ered, there was correlation of mAb 57B immunoposi-
tivity and tumors with advanced T classification (T3
and T4, p = .03).

Regional recurrence was associated with immuno-
reactivity for mAbs MA454 (p = .02) and M3H67 (p =
.04).

The clinical follow-up varied between 1 month
and 82 months (mean, 45.4 months). There was no
association between survival and expression of any of
the analyzed antigens.

DISCUSSION

The prognosis for patients with advanced laryngeal
cancer is poor and little to no progress has been made
in their treatment in the last few decades.!® Thus,
there is a great need for additional therapeutic
options in this type of neoplasm. Recently, much hope
has been put into new approaches such as antibody-
based and vaccine-mediated immunotherapy.>® Suc-
cess of cancer immunotherapy depends on the identi-
fication of appropriate antigens, which can be used for
immunization to trigger specific immune responses.

Table 3. Expression of at least 1 antigen in accord with TNM
classification and clinical stage.

TNM Clinical

classification Expression, % stage Expression, %
T 37.50 | 28.57

T2 60.00 I 50.00

T3 77.70 1 75.00

T4 69.23 % 75.00
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Because of their expression pattern with almost exclu-
sive presence in malignant tumors, cancer testis anti-
gens are regarded as almost ideal candidates for tumor
vaccine targets. Moreover, it could be shown that can-
cer testis antigen can elicit specific autologous T-cell
responses in patients with head and neck cancer, sug-
gesting their usefulness as vaccine targets in this type
of tumors.'* In the present study, we analyzed the
presence of several cancer testis antigens in carcinomas
of the larynx and correlated them with various clinical
parameters. Here, we focused our study on cancer tes-
tis antigens, analyzing tissue and clinical data from 63
patients (57 men and 6 women) with laryngeal SCC.

In the present series, we find expression of cancer
testis antigens in 2/3 of the analyzed cases. Expres-
sion of cancer testis antigens can vary in different
types of tumors. Although some neoplasms such as
melanoma and non-small cell lung cancers show high
cancer testis antigen expression, tumors such as renal
cell carcinoma and colon carcinomas display a low fre-
quency of expression.'®'®16 Interestingly, discordant,
high, low, and intermediate expression levels were
found for cancer testis antigens in head and neck car-
cinomas previously.”1” However, some of these stud-
ies were hampered by low case numbers, and/or
focused on particular antigens or comprised of a vari-
ety of different tumors. To our knowledge, laryngeal
carcinomas have not been analyzed specifically in the
past. In spite of a high number of positive cases, not
all cancer testis antigens show a similar expression
level. As seen in other malignant tumors, MAGE-A
antigens were the most highly expressed proteins,
whereas NY-ESO-1 showed comparably little
expression.'®

Also, most tumors of our analysis revealed a heteroge-
neous expression pattern. Heterogeneous expression has
previously been seen for various cancer testis antigens in
different tumors.®>1%1%18 Heterogeneity of expression
may explain the discrepancies between different methods,
such as reverse transcription—polymerase chain reaction
(RT-PCR) versus immunohistochemistry and between
previous studies analyzing the presence of cancer testis
antigens. For head and neck tumors, a lower incidence of
cancer testis antigens has been reported in previous
mRNA-based analysis. In the present analysis, we
used immunohistochemistry of archival paraffin-em-
bedded material. This enabled us to include a larger
number of patients for which no suitable tissue for
RT-PCR analysis was available. In our hands,
immunohistochemistry has proven more sensitive
than RT-PCR for the expression analysis of cancer
testis antigens.'®2°

Some authors argue that the heterogeneity of can-
cer testis antigen expression could be a limiting factor
for immunotherapy, whereas others suggest that poly-
valent vaccines will be able to overcome potential
expression differences within the tumors.?%?? Inter-
estingly, we find a correlation between the cancer
testis antigen expression and clinical stage. More
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advance tumors revealed a higher expression level.
Since little is known about the biology of cancer testis
antigen, an explanation for this phenomenon is purely
speculative. It could indicate a causative role of these
antigens in the progression of tumor or resemble a sec-
ondary phenomenon in advanced neoplasms. In either
case, the increased expression of cancer testis antigens
in clinically more advanced cases could indicate that
tumors with worse prognosis might be more suscepti-
ble to cancer testis antigen—based immunotherapy. A
similar correlation of stage of disease with cancer testis
antigen expression has been postulated in the past for
tumors such as bladder carcinoma,?® myeloma,2%2°
ovarian carcinomas,?® melanomas,?” and other
tumors.?2 However, some of these studies were based
on RT-PCR analysis and did not study the actual pres-
ence of the protein. In our study, correlation of cancer
testis antigens with TNM stage could be verified only
for the immunoreactivity of mAb 57B. At this point a
cautionary note should be made regarding the specific-
ity of anti—cancer testis serological reagents. Whereas
mADb #26 is a commercial reagent, which was generated
to a consensus region of the GAGE family and conse-
quently is reactive with several GAGE antigens, mAbs
CT7-33, E978, CT10#5, and MA454 are considered spe-
cific reagents and little doubt has been raised as to
their corresponding antigen. The immunoreactivity of
mAbs 57B and M3H67, however, needs to be consid-
ered cautiously. This is best exemplified by mAb 57B,
which was generated by an immunization procedure
using a MAGE-A3 fusion protein.?® However, subse-
quent analysis showed 57B-immunoreactivity with
several MAGE-A antigens, and a more recent study
indicated mAb 57B to be a MAGE-A4 reagent.?®3° A
similar situation appears to be present for mAb
M3H67. Although MAGE-A3 has been identified to be
among the most prevalent cancer testis antigen in vari-
ous tumors on an mRNA level, at present there
appears to be no MAGE-A3-specific reagent to verify
these data on a protein level.3! The difficulty of gener-
ating MAGE-A subtype-specific serological reagents is
based on the high homology of the MAGE-A gene fam-
ily members.

We also observed a frequent simultaneous expression
of cancer testis antigens. Among the positive cases, 81%
expressed >2 antigens and 64% expressed >3 cancer tes-
tis antigens. We found a similar coexpression pattern of
mRNA levels in a previous study of head and neck carci-
nomas.'® Demethylation appears to play a role in gene
activation of cancer testis antigen and may be responsi-
ble for the simultaneous upregulation of cancer testis
antigen genes in tumors.??

Several clinical trials using cancer testis antigens
have been completed and/or initiated for different
types of tumors and preliminary results as well as
occasional observations of spectacular responses indi-
cate that cancer testis antigens could, in fact, be effec-
tive vaccine targets for the treatment of malignant
disease.»33:34
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In conclusion, in the present analysis of 63 laryn-
geal SCCs, we find a high expression of cancer testis
antigens, particularly of the MAGE-A family, which
are present in up to 60%, whereas MAGE-C1/CT7,
MAGE-C2/CT10, NY-ESO-1, and GAGE showed a
much lower incidence. The presence of cancer testis
antigens was correlated with advanced clinical stage.
Our data indicate that cancer testis antigens, espe-
cially those of the MAGE-A family, could be valuable
vaccine targets in laryngeal tumors, especially in those
with a worse prognosis.
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