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Abstract. Despite considerable advances in the understanding
of thyroid gland biology, correctly diagnosing thyroid nodules
and treating high-grade thyroid carcinoma remains challenging.
Cancer/testis (CT) antigens have emerged as potential diag-
nostic tools as well as targets of potential cancer vaccinations.
In the present study, a total of 117 patients who underwent
surgical therapy for thyroid disease were available for analysis.
The expression levels of melanoma-associated antigen (MAGE)
A, MAGE-C1/CT7, cancer/testis antigen 1B (CTAGI1B) and
G antigen (GAGE) were analyzed by immunohistochemistry.
None of the CT antigens were expressed in the normal thyroid
or goiter. In papillary and follicular carcinoma, MAGE-A was
present in 8.1% of cases, GAGE in 10.8% and CT/7MAGE-C1
and CTAGIB in 2.7% each. In medullary carcinoma, CT antigen
expression was as follows: MAGE-A in 42.9% of patients;
MAGE-CI1/CT7 in 46.5%; GAGE in 92.9%; and CTAGI1B
in 3.6%. A statistically significant association was observed
between the expression of G MAGE-C1/CT7 and patient gender
as well as patient clinical stage (P=0.029 and 0.031, respectively).
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In poorly differentiated and anaplastic carcinoma cases, CT
antigen expression was as follows: MAGE-A in 61.8% of cases;
MAGE-C1 in 57.1%; GAGE in 66.7%; and CTAGIB in 14.4%.
There was a statistically significant association between expres-
sion of GAGE and gender (P=0.043). However, there was no
association between CT antigen expression and patient survival
in any of the tumor entities analyzed. The current study identi-
fied a distinct expression pattern of CT antigens in malignant
thyroid tumors indicating that CT antigens have the potential to
outperform existing thyroid cancer biomarkers. The prevalence
of CT antigens in high-grade carcinomas suggests that they
serve an important biological role within malignant tumors.

Introduction

Nodular disease of the thyroid gland is a relatively common
malignancy worldwide and is present in 4-7% of North-American
adults (1,2). Clinical studies suggest that the diagnosis of thyroid
nodules may increase from 20-70% in the general population,
based on the increased use of ultrasound techniques, and their
presence may reach up to 50% in patients undergoing autopsy (3).
Although the majority of nodules are benign and asymptomatic,
there is an ~10% risk of the presence of underlying malignant
disease, which requires patients to undergo additional proce-
dures, including surgical intervention (4). The majority of
malignant thyroid neoplasms have a good prognosis; however,
several studies have identified factors that significantly affect
the patient survival rate and have long-term implications (5-7).
Therefore, it is crucial that a distinction between benign and
malignant lesions is reliably made pre-surgically using tech-
niques including fine needle biopsy and/or post-surgically (8,9).
Consequently, novel techniques that unambiguously aid distin-
guishing between benign and malignant disease are required.
The thyroid has been the focus of immunohistochemical
studies comprising large numbers of antigens and antibodies
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in order to characterize benign and malignant lesions (10).
While certain antibodies have demonstrated notable potential,
particularly when used together to increase their impact,
a marker with high sensitivity and specificity remains to be
identified.

The search for tumor-associated antigens capable of
eliciting an immune response and that may be used in the
development of cancer vaccines has been the primary effort
in the field of tumor immunology over the last 2 decades (11).
Several tumor antigens have been identified as having the
ability to elicit cellular and/or humoral immune responses in
the autologous host (12). One such group of tumor-associated
antigens is referred to as cancer/testis (CT) antigens. They are
expressed in a number of types of cancer; however, in normal
adult tissue, CT antigens are solely present in testicular germ
cells and occasionally in the placenta (13). There have been
>100 CT antigens and CT antigen-families identified to date
and melanoma associated antigen (MAGE) Al remains the
prototype. Classical CT antigens that map to chromosome
X and with largely unknown functions may be distinguished
from non-classical CT antigens that have known functions
and map to autosomes (14,15). CT antigens are considered
valuable target antigens for vaccine-based immunotherapeutic
approaches due to their cancer-associated expression pattern
and their lack of expression in almost all normal tissues except
germ cells (6,16). Their exclusive presence in malignant tumors
has been confirmed in numerous studies and in various tumor
types (17); however, little is known about the presence of CT
antigens in thyroid neoplasms.

Among CT antigens, particular antigens have been studied
more extensively. MAGE-A antigens are the most highly
expressed in tumors, including head and neck cancer (18-23).
In recent years, members of the MAGE-A family, particularly
MAGE-A3, have been studied as target antigens in vaccine
clinical trials for numerous types of cancer (24) and current
data suggest that MAGE-C1 may serve an important role in
tumorigenesis (22,25). In myeloma for example, the expres-
sion of MAGE-CI is correlated with disease progression and
resistance to apoptosis and its expression was reported to be a
strong prediction marker for lymph node metastases in mela-
noma (26,27). New York esophageal squamous cell carcinoma
1 (NY-ESO-1) is not highly expressed compared with other
CT antigens; however, it is a cytoplasmic highly immunogenic
molecule present in numerous malignant cells and has been
the subject of translational research in patients with mela-
noma (28-31). Additionally, it has been demonstrated that the
G antigen (GAGE) family is associated with specific clinical
characteristics in certain types of cancer, including poor prog-
nosis and increasing cellular resistance to apoptosis (29,32).

Consequently, in the present study the in situ protein
expression of the CT antigens MAGE-A, MAGE-C1/CT7,
GAGE and CTAGIB were measured in benign and malignant
lesions of the thyroid gland and the potential associations with
clinicopathological and prognostic variables was analyzed.

Materials and methods
Patient group. In the present study, data from patients who

underwent total thyroidectomy at the Departments of Head
and Neck Surgery and Otorhinolaryngology of A.C. Camargo
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Cancer Center, Sdo Paulo as well as the Medical Center
of the University of Sdo Paulo at Ribeirao Preto between
January 1962 and December 2011 were analyzed. Inclusion
criteria were: Availability for pathological specimens and
complete clinical data, patient age and gender, nodule size,
status of potential vascular and capsular invasions, extrag-
landular extension, presence of ganglionic metastasis and
distant metastasis. A total of 117 patients were enrolled in the
study based on the inclusion criteria; 86 patients were from
the Ribeirao Preto Medical School Hospital and 31 patients
from the AC Camargo Hospital. The 117 cases consisted of
the following lesions: 22 colloid goiters; 9 follicular adenomas;
9 follicular carcinomas; 28 papillary carcinomas; 28 medul-
lary carcinomas; 8 poorly differentiated carcinomas; and
13 anaplastic carcinomas. In addition, thyroid tissue from
8 necropsy cases without any thyroid disease was analyzed.
All patients provided written informed consent and the study
has been approved by the Ethical Committee of the Faculty
of Medicine of Ribeirdao Preto, University of Sao Paulo and
A.C. Camargo Cancer Center (protocols no. 13.141/2009 and
1.645/12).

Histological preparation and immunohistochemical
staining. Surgical specimens were fixed in 10% buffered
formalin for a maximum of 48 h at room temperature. Paraffin
blocks with representative areas of tumor, in 4-um sections,
were selected for immunohistochemical analysis following
confirmation of the presence of tumor on a hematoxylin and
eosin stained section. Readings were performed by 2 inde-
pendent observers, surgical pathologists with experience in
the area who were unaware of the identity of the cases, prior
to inclusion in the study without, and using tissue microarray
technology.

For the detection of CT antigens, the following
antibodies were employed. CTAGIB was detected by
monoclonal antibody (mAb) E978 and mAb CT7-33 was
used for MAGE-C1/CT7; the two mAbs had been previ-
ously generated by our group (28,33). GAGE was detected
with a commercial reagent clone #26 (BD Transduction
Laboratories; BD Biosciences, Franklin Lakes, NJ, USA).
To analyze MAGE-A antigens, a cocktail consisting of mAb
MA454 for MAGE-A1, mAb 57B for MAGE-A4 and mAb
6C1 for MAGE-A1, -A3/6, -A4, -A10 and A12 was used to
detect a broad spectrum of MAGE-A antigens (18-20,34). All
slides were subjected to heat-induced antigen retrieval prior
to application of the primary antibodies. The antibodies,
concentrations and conditions are listed in Table I. All
primary antibodies, with the exception of mAb E978, were
detected with a biotinylated horse-anti-mouse-secondary
antibody (dilution, 1:200; Vector Labs, Inc., Burlingame, CA,
USA) followed by an avidin-biotin-complex tertiary (dilu-
tion, 1:70; ABC-Elite, Vector Laboratories, Inc.). mAb E978
was detected with the PowerVision kit (Leica Microsystems,
Inc., Buffalo Grove, IL, USA). Diaminobenzidine (DAB)
served as a chromogen (Biogenex, Fremont, CA, USA)
and hematoxylin (Gill II) was used for counterstaining.
Immunostaining was assessed semi-quantitatively and
graded based on the estimated amount of immunopositive
tumor cells as follows: Negative, no staining; focal (f), <5%;
1+, 5-25%; 2+, >25-50%; 3+, >50-75%; 4+, >75%.
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Monoclonal antibody Antigen Dilution Buffer
MA454%¢ MAGE-A1 1:200 EDTA, 1 mM, pH 8.0
57Bb¢ MAGE-A4 1:4,000 EDTA, 1 mM, pH 8.0
6C1%¢ MAGE-A1,-2,-3,-4,-6,-10 and -12 1:20 Citrate, 10 mM, pH 6.0
CT7-33* CT7 (MAGE-C1) 1:32,000 Citrate, 10 mM, pH 6.0
#26" GAGE 1:80,000 EDTA, 1 mM, pH 8.0
E978° CTAGIB 1:3,200 High pH retrieval solution

*Source: Ludwig Institute for Cancer Research, New York, NY, USA; *Dr. Giulio Spagnoli, Department of Biomedicine, Basel, Switzerland;
“Included in the ‘Multi MAGE-A primary cocktail solution’ to detect the expression of MAGE-A family antigens; “Transduction Labs, BD
Biosciences, Franklin Lakes, NJ, USA. CT, cancer/testis antigen; MAGE, melanoma-associated antigen; CTAG1B, cancer/testis antigen 1B;

GAGE, G antigen; EDTA, ethylenediaminetetraacetic acid.
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Figure 1. Expression patterns of CT antigens in papillary carcinoma (magnification, x100). (A) Immunohistochemical staining with mAb Multi MAGE-A with
(+) immunoreactivity. (B) Immunohistochemical staining with mAb CT7-33 with focal immunoreactivity. (C) Immunohistochemical staining with mAb #26.
(D) Immunohistochemical staining with mAb E978 with negative immunoreactivity. CT antigen, cancer/testis antigen; mAb, monoclonal antibody; MAGE-A,
melanoma-associated antigen A; MAGE-C1/CT7, melanoma-associated antigen C1.

Statistical analysis. Cases were divided into four groups:
i) Benign diseases (colloid goiters and follicular adenomas);
ii) follicular and papillary carcinomas; and iii) medullary
carcinomas; and iv) poorly differentiated carcinomas.
Statistical analysis evaluated the significance of CT antigen
expression and clinicopathological variables associated with

the patient (gender and age) and tumor (histological type, size,
tumor stage, positive lymph node, metastasis, stage grouping,
angiolymphatic invasion and extra-thyroidal extension).
Variables were grouped as follows: i) Age: Patients were divided
into two groups, patients <45 years old and patients =45 years;
ii) tumor classification: Tumors were analyzed in two separate
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/M §D groups, T1/T2 vs. T3/T4 tumors and T4 tumors, which were
% o % defined as poorly differentiated and anaplastic carcinomas;
5 2 and iii) staging: Tumors were analyzed in two separate groups,
& stage I/II patients vs. stage III/IV patients (poorly differenti-
L(B § ated and anaplastic carcinomas were all considered clinical
g Lo § stage 1V). Following pathological analysis, the cases were
) divided into the 4 aforementioned groups. On the basis of the
o o contingency table of the observed frequencies, the expected
Q s frequencies were calculated. The x> was used in the present
5 % o 8 study, involving the sum of all the results that are obtained
<E‘: O by dividing the square result of the difference between the
g a observed and expected frequencies by the expected frequency.
= The obtained value of the ¥’ test is compared with the border
< s .
= m B value for the determined number of the degree of freedom
§ % g and from the 7 table, the probability of the zero hypotheses
s 2 is read. The significance of the correlation of gene expression
T with histopathologic and clinical characteristics was analyzed
§ § by the Fisher exact test (P<0.05 was considered to indicate a
= g = o L .
é = . o o é statistically significant difference).
== |2
s % ghild '; Results
= @)
m =
< Clinical and immunostaining variables. There were
f_,:; § 31/117 patients with benign diseases consisting of 22 goiters
5 £ s and 9 follicular adenomas, of which the vast majority (30/31;
i.g é 2 2 P 96.7%) were women. The average age in this group was
° 2 5 51.1 years, with a standard deviation (SD) of 19.46 years and
e _%0 median age of 55 years. Clinical evaluation demonstrated that
< =z the average nodule diameter was 3.0+2.15 cm (0.6-10 cm).
o £
?ﬁng = § Benign samples, immunostaining variable. None of the
»n 2 — | 0§ 31 cases with benign lesions exhibited any expression of the
=0 g CT antigens tested. The eight healthy thyroid tissue samples
2 5 were negative for all CT antigens tested.
S|l ocoo| 8
g Z ZZ < Papillary and follicular carcinomas, clinical and immu-
= (Ujl nostaining variables. The clinical data as well as the
o <§C immunohistochemical staining for patients with papillary and
v = - follicular carcinoma are presented in Table II and Fig. 1. There
‘E E 2 2 2 go were 37 patients, of which 30 (81.5%) were women, with a ratio
£ E“ g of women to men of 8.1:1.9. The average age of patients with
= 3 this disease was 47.13 years, with an SD of 14.75 years and a
- o o § § median age of 46 years. Clinically, the average diameter of the
5 o > S S § f% nodules was 2.8+1.36 cm (0.5-5 cm). There were 9 follicular
§ £ % % % § by’ and 28 papillary carcinomas. In the group with follicular carci-
= ﬁ' ﬁf ﬁ 5 % noma, there was no predominance in tumor location between
i 23 the right and left side (2:1). Among the 28 cases of papillary
_@ E | = R0 8 % carcinomas, tumor location was in the left lobe in 10 and in the
@ 2| T E % right lobe in 18 cases respectively. GAGE and MAGE-A were
o 5 5 5 L; o most commonly expressed in 4/37 (10.8%) and 3/37 (8.1%)
§ é % é g é cases, respectively. In 6/37 samples (16.2%), =1 CT antigen
E % % % = = was present. One case of papillary carcinoma was positive for
Sy o E three CT antigens (MAGE-A, GAGE and MAGE-C1/CT7)
) gz E) 2 and another papillary carcinoma was positive for two CT
§ 5:0 S| 2R3 o antlgens (MAGE-A and CTAGl.B).. In papillary and folhcqlar
g ~ g g carcinomas, there was no association between the expression
;g) g g o of any CT antigens and the variables analyzed.
. S | k| EH
% LQD) § % Medullary carcinoma, clinical and immunostaining variables.
) g Table III summarizes the clinical and CT antigen expression
= @& a8
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Figure 2. Expression patterns of CT antigens in medullary carcinoma with focal immunoreactivity (magnification, x100). (A) Immunohistochemical staining
with mAb Multi MAGE-A. (B) Immunohistochemical staining with mAb CT7-33. (C) Immunohistochemical staining with mAb #26. (D) Immunohistochemical
staining with mAb E978. CT antigen, cancer/testis antigen; mAb, monoclonal antibody; MAGE-A, melanoma-associated antigen A; MAGE-C1/CT7, mela-

noma-associated antigen CI1.

data for the 28 patients with medullary thyroid carcinoma.
Distribution by gender indicates that 67.9% of patients were
women, with a ratio of women to men of 6.8:3.2. The average
patient age was 47.5 years, with an SD of 15.68 years and
a median of 51 years and the average nodule diameter was
1.9+1.02 cm (0.5-4.2 cm). While the expression of CT antigens
in papillary and follicular carcinoma was low, a completely
different pattern was present in medullary carcinoma. GAGE
was the most prevalent antigen and present in 26/28 (92.9%)
cases. MAGE-A and MAGE-C1/CT7 were both expressed in
~50% of cases [MAGE-A, 12/28 (42.9%); MAGE-C1/CT7,
13/28 (46.4%)]. CTAGIB was poorly expressed and was
detected in only 2/28 (7.1%) cases. Only 2 cases were completely
negative. One (3.6%) case, tested positive for all four tested
CT antigens and 9 cases (32.1%) expressed three CT antigens
(Fig. 2 and Table IV). Among cases of medullary carcinoma,
the variables patient gender as well as patient clinical stage
exhibited a statistically significant association with the expres-
sion of MAGE-C1/CT7 (P=0.029 and 0.031, respectively).
GAGE expression was observed in almost all cases, but there
was no statistically significant association with any of the vari-
ables investigated. MAGE-A and MAGE-C1/CT7 were widely
expressed, but without statistical significance.

Table IV. Summary of CT antigen expression patients with
medullary carcinoma.

Antigen Expression, %
Multi MAGE-A 429
CT7 (MAGE-C1) 46 4
GAGE 92.9
CTAGI1B 3.6

CT antigen, cancer/testis antigen; MAGE-A, melanoma-associated
antigen A; MAGE-C1/CT7, melanoma-associated antigen CI;
CTAG1B, cancer/testis antigen 1B; GAGE, G antigen.

Poorly differentiated carcinomas, clinical and immunos-
taining variables. Clinical and protein expression data for the
21 cases of poorly differentiated and anaplastic carcinoma are
summarized in Table V. There were 10 women and 11 men
(1.0:1.1). The mean age of patients with this disease was
65.3 years, with a SD of 11.4 years and a median of 65 years.
The mean tumor size was 2.7+1.49 cm (0.8-7.0 cm). Among the
tested CT antigens, GAGE demonstrated the highest incidence
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Figure 3. Expression patterns of CT antigens in poorly differentiated carcinoma (magnification, x100). (A) Immunohistochemical staining with mAb Multi
MAGE-A with (++++) immunoreactivity. (B) Immunohistochemical staining with mAb CT7-33 with focal immunoreactivity. (C) Immunohistochemical
staining with mAb #26 with (++++) immunoreactivity. (D) Immunohistochemical staining with mAb E978 with (++++) immunoreactivity. CT antigen,
cancer/testis antigen; mAb, monoclonal antibody; MAGE-A, melanoma-associated antigen A; MAGE-C1/CT7, melanoma-associated antigen CI1.

(14/21; 66.7%), which was similar to the incidence of MAGE-A
(13/21; 61.9%) and MAGE-C1/CT7 (12/21; 57.1%); 19/21
(90.5%) tumors expressed =1 CT antigen (Fig. 3 and Table VI).
Notably, there were 3 cases that were positive for all four tested
CT antigens and 5 cases expressed three CT antigens. Among
the cases of poorly differentiated and anaplastic carcinomas,
there was an association between GAGE expression and
gender (P=0.043). An increased expression of MAGE-A and
MAGE-CI1/CT7 in all variables was observed, but the differ-
ence was not significant.

Patients were followed from the day of surgery (stipu-
lated as the start of follow-up) until June 2012; the average
follow-up period was 73.8 months (range, 1-168 months).
The analysis of evolution and survival was assessed in four
steps: 1) patients who did not express any CT antigens vs.
those who expressed 1 CT antigen; ii) patients who did not
express any CT antigens vs. those who expressed 2 CT anti-
gens; iii) patients who did not express any CT antigens vs.
those who expressed 3 CT antigens; and iv) patients who did
not express any CT antigen vs. those who expressed 4 CT
antigens. Furthermore, the association between the extent of
immunopositive areas based on the immunohistochemical
grading for each CT antigen and clinical data was assessed.
However, there was no association between the extent of

Table VI. Summary of CT antigen expression in patients with
poorly differentiated and anaplastic carcinomas.

Antigen Expression (%)
Multi MAGE-A 61.9
MAGE-C1 57.1
GAGE 66.7
CTAGI1B 143

CT antigen, cancer/testis antigen; MAGE-A, melanoma-associated
antigen A; MAGE-C1/CT7, melanoma-associated antigen CI;
CTAG1B, cancer/testis antigen 1B; GAGE, G antigen.

protein expression for any of the tested CT antigens and
clinical variables.

During the follow-up period, regional recurrence occurred
in 3 cases of papillary carcinoma, 1 case of follicular carcinoma
and 2 cases of medullary carcinoma. Distant metastasis was
identified in 4 cases of papillary carcinoma, 3 cases of medul-
lary carcinoma, 1 case of poorly differentiated carcinoma and
3 cases of anaplastic carcinoma. Regarding patient mortality,
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2 patients with papillary carcinoma, 3 patients with medullary
carcinoma and all 21 patients with poorly differentiated and
anaplastic carcinoma succumbed during the follow-up period.

A statistically significant association between clinical
variables including recurrence, metastases or survival and
the presence of any CT antigen, including co-expression was
not identified. This lack of association was observed for all
samples studied.

Discussion

The present study aimed to characterize the expression of
various CT antigens in thyroid neoplasms. Though numerous
studies have been performed to investigate the presence of CT
antigens in a wide variety of malignant tumors, little is known
about the expression of these antigens in thyroid tumors, partic-
ularly about any associations with clinical parameters. In the
present study, the antibodies selected were previously gener-
ated by our group or by collaborators, the majority of which
are now available commercially and have been used in a wide
variety of studies (18,19,25,28,35). Only the antibody to GAGE
antigens was a commercial product, which has been employed
in several previous studies (29,36,37). To detect MAGE-A, a
cocktail of several antibodies was used, thus covering a wide
spectrum of MAGE-A antigens. As in previous studies, the
lack of specificity and the ability to identify single MAGE-A
antigens was intended to ensure the detection of any low-level
MAGE-A expression in the present tumor series (34,38).

The current study confirms the cancer-restricted expres-
sion of classical CT antigens in the thyroid. No expression
of any of the CT antigens was detected in normal thyroid
tissue or benign lesions. As with tumors in other organs, this
has important implications since the expression of any CT
antigens in thyroid tissue would indicate malignancy. Though
malignancy-associated expression has been demonstrated in a
number of neoplasms, the diagnostic potential of CT antigens
as immunohistochemical markers of malignancy has yet to be
exploited by pathologists (21,39,40).

The most striking finding of the current study is the apparent
dichotomy of high and low CT antigen-expressing thyroid cancer.
Extremely low expression of all tested antigens in papillary and
follicular carcinoma was observed. In this group, GAGE and
MAGE-A were the most prevalent and present in ~11 and 8% of
cases respectively. Expression of MAGE-C1/CT7 and CTAG1B
was even lower. This level of expression is similar to other
tumors that express low levels of CT antigens, such as colon
carcinoma, renal cell carcinoma and lymphoma (28,25,41). The
results of the current study are supported by Melo et al (42), who
identified a lack of expression of MAGE-A and MAGE-C1/CT7
in a series of papillary and follicular thyroid carcinomas. Since
an association of CT antigens with the biology of tumor stem
cells was being assessed and due to the scarcity of potential
stem cells within tumor tissue, a threshold level was not set
and any number of immunostained tumor cells was regarded
as positive in previous studies and the present study (43,44).
The majority of positive cases demonstrated focal expression
(expression in <5% of tumor cells) only, which may explain the
slightly higher number of positive cases in the current study. The
current study and the previous study by Melo ef al (42) identi-
fied low CT antigen levels in papillary and follicular carcinoma,
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which contrasts with results from two previous studies detecting
a much higher level of MAGE-A expression of up to 80% in the
two tumor types (21,39), despite employing the same antibodies
used in the current study. There is no clear explanation for these
major discrepancies, except perhaps geographical differences in
the patient population. However, it is unlikely that ethnic differ-
ences are the reason for such large differences in CT antigen
expression.

Cheng et al (39) demonstrated CT antigen expression in
healthy tissue, a feature not consistent with the present study
and numerous previous analyses of the expression of classical
CT antigens, including in the thyroid (15). Milkovic et al
reported extremely high MAGE-A expression in thyroid
tumors exceeding measurements of MAGE-A expression in
any other study of epithelial cancer to date (21). However, each
study employed high antibody concentrations, and figures
provided in the studies suggest unspecific immunoreactivity.

The low expression of CT antigens in papillary and follic-
ular neoplasms contrasts with the high expression detected in
medullary and anaplastic/poorly differentiated thyroid carci-
nomas. The highest prevalence was observed for GAGE, which
was present in ~90% of all medullary carcinomas analyzed.
To the best of our knowledge, no previous analyses of GAGE
antigens have demonstrated a similar high expression on a
protein level (22,29,45). The present study used a commercial
reagent used in several previous studies and was generated to a
consensus region of the GAGE-family. Consequently, it cannot
be determined if a particular GAGE antigen was the most
prevalent. Notably, all GAGE-positive medullary carcinomas
exhibited exclusively focal immunopositivity, occasionally
comprising only a single positive tumor cell. The same predom-
inant focal expression pattern was present for the other antigens
in the majority of the tested medullary tumors. GAGE was
again the most prevalent antigen in anaplastic/poorly different
carcinomas and its expression pattern was mostly focal.
Immunohistochemistry has demonstrated that the majority of
CTs are focally expression, meaning that tumor cells are hetero-
geneous (18). There are a number of studies demonstrating that
immune targets may include surface or cytoplasmic antigens,
which are different in tumor cells and normal cells (46).
Previous studies have demonstrated that the same CT antigen
may be expressed in different subcellular compartments,
nuclear and/or cytoplasmic, of tumor cells and this pattern of
expression has been observed regarding MAGE, CTAGIB and
MAGE-CI1/CT7 (24,29,31). Furthermore, patients with plasma
cell myeloma and only cytoplasmic MAGE-C1/CT7 expression
had a better prognosis than patients with nuclear or combined
nuclear and cytoplasmic MAGE-C1/CT7 expression (47). The
high expression of MAGE-C1/CT7 and MAGE-A in medullary
and anaplastic/poorly differentiated carcinomas was in the range
of what has been reported in other malignant tumors (23,25,48).
Notably, CTAGIB exhibited the lowest expression of all
tested CT antigens in medullary as well as anaplastic/poorly
differentiated tumors. This matches the previous expression
pattern in epithelial tumors, where CTAGIB is among the
lowest expressed CT antigens (34,36,38). Its low incidence
of expression in numerous tumors is associated with high
immunogenicity, as CTAGIB is the most immunogenic CT
antigen in various types of cancer (30,40). The reverse pattern
is observed in CT antigens, including MAGE-A antigens that
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exhibit high expression but low immunogenicity in several
tumor types (49,50). Unfortunately, there was no serum avail-
able to test for immunity in the present tumor series. However,
a protocol has been initiated that will allow for the collection
of tissue specimens as well as peripheral blood in patients with
thyroid tumors.

Notably, no association between CT antigen expression
and the major clinical parameters was observed. The current
study did identify two associations: One between the cyto-
plasmic expression of MAGE-A and the number of lymph
node metastasis, and one between gender and the presence of
MAGE-C1/CT7 or GAGE. However in the current study there
was no association between CT antigen immunostaining and
recurrence, metastasis or mortality. One possible reason could
be the good overall prognosis of papillary/follicular carci-
nomas and the extremely low expression of CT antigens in
these types of tumors. By contrast, there was high expression
of particular CT antigens in medullary and anaplastic/poorly
differentiated carcinomas and GAGE was present in almost all
tumors. However, the survival time of patients with medullary
and anaplastic/poorly differentiated tumors is extremely short
and the sample size of the current study may have been too
small to identify any associations between clinicopathological
parameters and the presence of CT antigens.

In conclusion, the present study identifies a distinct expres-
sion pattern of CT antigens in malignant thyroid tumors. The
expression of CT antigens is low in papillary and follicular
carcinoma, whereas in medullary and anaplastic/poorly differ-
entiated carcinomas the expression of particular CT antigens
is extremely high, with GAGE being the most prevalent. A
GAGE commercial reagent clone is commercially available,
which means that GAGE proteins could be used to predict
cancer prognosis; high GAGE expression is correlated with
poor prognosis in stomach cancer, esophageal carcinoma
and neuroblastoma (32). However, this correlation between
GAGE expression and clinical characteristics is controversial,
since it has not been identified in a previous study (29). Thus,
the reliability of commercial GAGE monoclonal antibody
as a prognostic marker is unclear and additional studies are
required. Though the current study did not identify an asso-
ciation with clinical parameters in the individual patient, the
prevalence of CT antigens in high-grade carcinomas suggests
a biological role within the more malignant tumor entities.
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