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Abstract

Background: Papillary thyroid cancer is the most common type of thyroid malignancies. For a more accurate diagnosis, immuno-
histochemistry has been used widely in recent years. Epithelial membrane antigen has been detected in several benign and malig-
nant lesions, and its use as a marker of malignancy has been sought in some studies.
Objectives: The current study aimed to determine the presence and level of expression of epithelial membrane antigen in papillary
thyroid carcinoma and multinodular goiter.
Methods: Eighty-five samples of papillary thyroid carcinoma and 40 cases of multinodular goiter were stained histochemically for
epithelial membrane antigen. The intensity of staining was classified in a semi-quantitative manner (1+ to 4+). Demographic data
of the index cases, history of metastasis, and lymph node involvement, if any, were collected as well.
Results: All PTCs and 87.5% of MNGs were positive for EMA. EMA was expressed more strongly in PTCs than in MNGs (P < 0.00). EMA
reactivity was directly associated with lymph node involvement, capsular invasion, and size of the tumor (P = 0.008, P < 0.001, and
P < 0.001, respectively). The intensity level of 2 or higher had high specificity for differentiating PTC from MNG.
Conclusions: Strong expression of EMA may be a good marker of malignancy in differentiating PTC from MNG. This marker may
also be regarded as an index of invasive behavior of PTC.
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1. Background

Thyroid cancer is the most common malignancy of the
endocrine system (1), and its incidence has significantly
increased during the last years. Among all thyroid can-
cers, papillary thyroid is the most frequent one and encom-
passes more than 80% of all index cases (2). The incidence
of papillary thyroid cancer has increased 3.7 times from
1975 to 2009 (3).

Developing a prompt therapeutic strategy depends
largely on the precise diagnosis of the underlying thy-
roid lesion and the differentiation between a benign con-
dition and a malignancy. Traditionally, high cellular-
ity/proliferation marked nuclear atypia, and high mitotic
rate are cytomorphological features that are applied to dis-
tinguish between reactive and neoplastic pathologies (4-
6). However, several studies have demonstrated that these
indices could be of very limited use in certain settings,
such as small biopsy specimens (7).

Immunohistochemistry is a fairly new instrument in
the hand of scientists to provide them with more objec-
tive and useful information to have a more precise diagno-
sis. Researchers have applied immunohistochemical anal-
yses to determine embryonic tissue origin and evaluate the
state of differentiation.

Human milk fat globules that were isolated from
defatted human milk are heterogeneous high weight
molecules that are mostly expressed on the luminal sur-
face membranes and represent high immunogenicity.
These molecules were further called Epithelial Membrane
Antigen (EMA).

Anti sera against these EMAs, that were postulated to
react solely with breast tissues were further found to react
with other epithelial-derived tissues as well (8) and EMA an-
tibodies have been used afterward as markers of epithelial
differentiation in malignant as well as benign pathologies
(9).
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Studies that were focused on the expression of EMA
in different thyroid lesions have reported different expres-
sion rates and dissimilar patterns of distribution; findings
that were, in some instances, discrepant (10-13). Hence, fur-
ther studies seem to be necessary to investigate the inde-
pendent role of this marker in histopathologic analyses of
thyroid benign and malignant lesions.

2. Objectives

The current study aimed to establish the profile of re-
activity of papillary thyroid carcinoma (PTC) and multin-
odular goiter (MNG) to EMA and to compare the findings
in these two groups.

3. Methods

Specimens of patients who underwent total or partial
thyroidectomy in Mostafa Khomeini Hospital between Jan-
uary 2011 and December 2013 were investigated. Eighty-five
specimens from defined PTC and 40 samples from MNG
were collected. As routine, tissues get fixed in the depart-
ment of pathology using paraformaldehyde and before
sectioning, got embedded in Glycerine.

Demographic data (i.e., age and gender of patients har-
boring the thyroid lesion along with the presence and site
of distant metastasis and lymph node involvement, if any)
were also retrieved from the clinical charts.

Slides with 4 µm thickness were cut, deparaffinized,
and incubated in methanol containing hydrogen perox-
idase for 30 minutes to block the endogenous peroxi-
dase activity. Then were further washed with phosphate-
buffered saline and placed in Tris-buffered saline with 2
percent horse serum. Slides were subsequently incubated
with the monoclonal antibody against EMA for 18 hours
(Novacastra, UK) and were further assessed under light mi-
croscopy.

Intensity of the reaction was subsequently classified
based on the percentage of the total cells that had positive
staining; ++++, more than 90%; +++, 50% - 90%; ++, 11% - 50%;
+: 1% - 10% of the cells stained (13).

Data then were entered in the commercially avail-
able biostatistical software (SPSS V.14, IBM SPSS, N.Y., and
the USA) and descriptive and analytic analyses were per-
formed. A P-value < 0.05 was considered as statistically sig-
nificant.

4. Results

On average, patients with PTC were older than those
with MNG (40.34 ± 1.69 versus 32.42 ± 1.1; P = 0.002). More

than two-thirds of patients in both groups were female;
85.88 and 75% of patients with PTC and MNG, respectively.
Eighty-five PTCs and forty multinodular goiters received
tissue processing and further assessment. All PTCs (100%)
and 87.5% of multinodular goiters were positive for EMA (P
< 0.001).

More than 90% of the cells of 5.8% of PTCs were reac-
tive to the antisera to EMA, while the incidence in multin-
odular goiters was 0%; the difference was statistically sig-
nificant (P < 0.001). Overall, the intensity of staining was
more in PTCs than in MNGs (P < 0.001). The results of both
categories are expressed in detail in Table 1.

Table 1. The Intensity of Reaction to EMA Antisera in PTC and MNG

Type of Lesion
Intensity of Reaction

No Reaction + ++ +++ ++++

PTC 0 24 37 19 5

MNG 5 18 17 0 0

Abbreviations: EMA, epithelial membrane antigen; MNG, multinodular goiter;
PTC, papillary thyroid carcinoma.

Of all patients with PTCs, 63 (85%) had positive lymph
nodes. And positive lymph node was directly associated
with more intense staining for EMA (P = 0.008) (Figure 1).

The capsular invasion was observed in 42 (49.4%) of
samples and more intense staining was detected in the
presence of capsular invasion (P < 0.001).

The mean size of the tumor was also directly associated
with the immune reactivity of the papillary thyroid carci-
noma to Anti EMA (P = 0.001). Even after performing the
multivariate analysis (linear regression) and eliminating
the effect of confounding variable (capsular invasion and
lymph node involvement) this association was significant.

ROC analysis showed a good diagnostic value of EMA
(area: 0.724, P = 0), and EMA at an intensity level of 2 or
higher had high specificity for EMA (Figure 2).

5. Discussion

Due to the overlapping morphological features be-
tween malignant and benign thyroid lesions, the applica-
tion of markers of malignancy for a net diagnosis was in-
evitable. Researchers have shown that characterizing fea-
tures of malignancy might be shared in benign lesions.
Moreover, the detection of many of these criteria depends
on the subjective interpretation of the pathologist.

In the study conducted by Lloyd and colleagues, opti-
cally clear nuclei of papillary carcinoma, which is a critical
feature of papillary carcinoma, was reported in hyperfunc-
tioning lesions as well (14).
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Figure 1. Distribution of the reactivity strength to EMA antisera regarding lymph node involvement.
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Figure 2. ROC curve comparing PTC vs. MNG

EMA that was first detected histochemically in epithe-
lial tissues, got importance as a potential effective marker
to establish the epithelial nature of neoplasms. In a study
conducted by Pinkus and Kurtin, 320 specimens of a wide
variety of neoplasms underwent immunoreactive assess-
ment for EMA. Saved for malignant lymphomas (Hodgkin’s
and non-Hodgkin’s types), endocrine neoplasms, malig-
nant melanomas, and some soft tissue tumors, all other
malignancies were positive for EMA (10).

Further studies were designed to investigate the role
of EMA in differentiating malignant and benign lesions.
In a study that is performed in 1999, scientists used anti-
bodies against EMA, P53, and bcl-2 to differentiate mesothe-
lial benign and malignant conditions. They concluded that
linear staining for EMA is a good marker to discriminate
epithelioid malignant mesothelioma and mesothelioma
from reactive mesothelial hyperplasia. Nevertheless, weak
focal staining with anti-EMA was observed in reactive con-
ditions as well (14).

EMA has also been useful in discriminating malig-
nant conditions. In a study performed by Dejmak and
Hjerpe, the authors compared the pattern of expression
of different immunohistochemical markers in malignant
mesothelioma and adenocarcinoma. To do this, they uti-
lized four histochemical markers, including EMA, which
had a 79% sensitivity and 100% specificity in the diagnosis
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of malignant mesothelioma (15).
Few studies also had investigated the EMA in different

thyroid lesions. In a study performed by Damiani and col-
leagues, the researchers sought the presence and distribu-
tion of EMA and alcianophilic substances in 17 cases of pap-
illary thyroid carcinoma and 14 cases of benign thyroid le-
sions and found these two markers “useful" in differentiat-
ing benign from malignant events (16). The findings of the
current study also support the finding of this study.

In our study, overall positivity was significantly higher
in PTCs in comparison to MNGs. Besides, the intensity of
staining was significantly higher in PTCs than in MNGs.

In another study, the authors focused on the value of
EMA for a concrete diagnosis between papillary neoplasia
and papillary hyperplasia and found co-expression of S-100
and EMA as valuable markers to distinguish between these
two situations. In this study, the strength of expression
of both markers was of paramount importance in distin-
guishing malignant from benign lesions (17).

Not only in discriminating benign and malignant sit-
uations, but also in predicting metastasis, EMA has been
found to be useful.

In a study performed by Yamamoto and colleagues on
74 patients with PTC with occult/distant metastasis and no
metastasis, the researchers reported a higher rate of EMA
expression in samples from patients with distant metasta-
sis and concluded that EMA might be a useful marker in an-
ticipating the presence of distant metastasis (13).

In the current study, lymph node involvement, capsu-
lar invasion, and tumor size were all positively associated
with higher EMA reactivity.

These findings indicate that the expression of EMA, be-
sides the strength of this expression, might be a useful in-
dex of invasive behavior in PTCs.

5.1. Conclusion

In conclusion, the results of the current study support
the findings of previous studies that a strong expression
of EMA may be a good marker of malignancy in thyroid le-
sions, particularly in PTC. The intensity of staining was also
associated with invasive behavior of the tumor-like lymph
node involvement and capsular invasion.
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